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Foliar Diagnosis: Internal Bark Necrosis in 
Young Apple Trees^ 

By Walter Thomas, Warren B. Mack, and Frank N. Fagan, 
Pennsylvania Agricultural Experiment Station, 

State College, Pa. 

I K one of the College experimental orchards used as a pruning ex- 
periment, which in 1941 was planted to Stayman, Delicious, and 
Rome varieties on nursery stocks, a large number ()f the trees of all 
three varieties began to show certain bark abnormalities which, when 
first noticed in 1944, w^ere thought to be the result of spray injury: 
but more recently many of the trees have developed bark symptoms 
one characteristic of which resembles the condition known as *‘niea- 
sles”, more specifically to the type of non-parasitic apple bark disease 
characterized by Berg ( 1 ) as “internal bark necrosis’’. 

The symptoms in most trees are relatively mild ; on one of the trees 
(I 10), however, they are severe. Some of the trees as indicated in 
Table I and figures show necrotic areas indicated by the brown or 
dark color of the inner bark and the appearance of brown spots or 
flecks as seen in freshly cut sections. 

A pimply and necrotic condition of the inner bark of Delicious apple 
trees growling in sand nutrient cultures was reported by Young and 
Winter (8), to be the result of boron deficiency. This conclusion' was 
later confirmed by Hildebrand (3), who also grew the trees in sand 
cultures. In Hildebrand’s experiments, Delicious apple trees in nu- 
trient solutions without boron showed stunting, rosette, bronzing of 
terminal leaves, internal bark necrosis and dieback, the early stages of 
which were characterized by spherical necrotic areas in the phloem 
\vhich usually enlarge, joining neighboring areas and causing eleva- 
tions (“pimples”) on the surface. Hildebrand found that application 
of borax to the soil in orchard field experiments with trees showing 
the above boron deficiency symptoms “greatly reduced bark symp- 
toms and stimulated a more vigorous growth”. 

In a recent note Berg and Clulo (2) stated that they have been 
unable to produce any necrotic lesions or other symptoms typical of 
internal hark necrosis on the bark of Red Delicious trees grown in 
boron-free sand cultures, although other symptoms of boron deficiency 
such as stunting of the trees, procumbent growth of twigs, and roset- 
ting were in evidence. Nor did the application of borax to the soil of 
diseased trees in orchards of Berg's experiments correct the disease. 

These investigators, however, obtained positive results with addi- 
tions of manganese and iron salts in greenhouse and orchard field ex- 
periments, the disease apparently being associated with high amounts 
of manganese (and also iron) in the bark and leaves of diseased trees. 
, Hildebrand (4) in a more recent abstract reports that the soil 
around severely affected trees of Delicious apple was extremely acid 
(pH 3.8 — S.O), very low in bases, and contained toxic concentrations 

^Authorized for publication on July 25, 1947, as paper No^ 1382 in the Journal 
Series of the Pennsylvania Agricultural Experiment Station. 
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of Al, Fe, and Mn. Correction of the faulty soil conditions required 
the application of both Ca and Mg. 

Experimental 

The orchard, as was stated previously, was planted in 1941, with 
permanent trees of Stayman, Delicious, and Rome spaced 40 by 40 
feet, and filler trees of the same varieties were spaced alternately, 
midway between the permanent trees in the rows, in one direction, 
making the planting distance 20 by 40 feet. Filler trees were ringed 
annually after the fourth season, to bring them into bearing as early 
as possible, but during the 1945 season many ringed trees died during 
a drouth after which all filler trees were removed at the end of the 
season. The land on which the orchard was planted had been devoted 
to general farm crops, of which the yields had been good. During the 
first two seasons after planting, the rows were cultivated and the in- 
tervening strips were planted with sweet clover : thereafter, the entire 
area was planted with Ladino clover to which 4-12-4 fertilizer was 
applied annually, except in 1945, at the rate of about 300 pounds to 
the acre. The growth of both the trees and the cover crops in general 
has been good. 

Because the fruit crop was destroyed in 1945 and severely reduced 
in 1946 by late spring freezes, no yield nor growth records have been 
taken in this orchard. 

The orchard consists of 12 rows of wStayman divided into two blocks 
of six rows each, with eight trees in each row, between which three 
rows of Delicious and three of Rome are interspersed. 

A preliminary trial on the end trees in each row was made in 1944 
by means of applications of borax or potassium sulfate, or both. These 
applications were made before any samples were taken for analysis, 
without, however, any definite evidence that any improvement in the 
symptoms has been effectuated thereby during the next season or the 
year following (1946). These results, therefore, are in accord with 
the experience of Berg and Clulo (2). 

In 1945, after an exploration of the whole orchard, leaf samples 
were taken periodically during the season from 21 of the trees includ- 
ing all three varieties, and analyses were made for nitrogen, phos- 
phorus, potassium, calcium, magnesium, boron, manganese, and iron. 

Results 

Table I shows the mean (resultant) values for the growth cycle of 
each of the elements determined. Fig. 7 presents the relationship be- 
tween nitrogen and phosphoric acid throughout the cycle and Fig. 6 
the resultant NPK-units and intensities. 

Fig. 1 to 5 inclusive show the superficial appearance of the bark of 
certain trees chosen to represent several degrees or types of bark ab- 
normalities observed in 1945. Fig. 1 shows a portion of a branch 
about 2 inches in diameter, with marked roughness of the bark sur- 
face, and numerous brown lesions of bark tissue, which would be 
revealed by tangential sectioning. Fig. 2 illustrates roughness of bark 
surface on a Stayman tree branch of about the same diameter as that 




Fit.. 1. I 10 Stayman, most severe necrosis observed, with marked 
roughness of bark. 


in Fig. 1, but without internal bark necrosis. Figs, 3 and 4 show a 
branch of a Rome tree, in which some internal bark necrosis was 
found in 1945, and which illustrates a type of enlargement found on 
many trees. The surface of the bark of this tree was generally normal 
in appearance, with relatively few rough areas, except the enlarge- 
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tiG 3 B 8, Rome, with some necrosis in 1945, and local enlargement caused 
by woody inclusions in the bark, which were not necrotic, bark surface 
mostly normal 


ments, which weie found to enclose woody inclusions in apparently 
healthy bark tissue, from which the inclusions could be separated read- 
ily. Fig 5 shows injury on a Rome branch, local i7ed m extent, and 



Fig 4 B 8 Rome bark sectioned, showing no necrosis Same branch 
as in Fig 4 




Thom: AS, mack, a no fagan : FotiAR diagnosis S 



Fig. 5. F 8, Rome, spray injury from oil mixture. 


attributed to injury from oil sprays. The inner bark in this injured 
area showed fairly general browning near the surface. 


TABLE I — Composition of Leaves from Apple Trees of Three Varie- 
ties Sampled Periodically During the Growth Cycle (Results Ex- 
pressed IN Terms of Dried Materials) 


Tree 

No. 

N 

Mg/ 

Gtn 

P 

Mg/ 

Gm 

K 

Mg/ 

Gtn 

Ca 

Mr/ 

Gm 

Mg 

Mg/ 

Gm 


Fe 

7 

Gm 

B 

7 

Gin 

Condition in 1945 

A4 

21.5 

4,23 

12 4 

16.9 

2 86 

^iaymayi 

38 0 

[ 

23.5 

24.0 

Healthy 

A6 

20,5 

5.10 

14.1 

10.2 

3.04 

36.6 

220 

22.3 

Bark rough, no necrosis 

A8 

21.6 

6.81 

13.1 

17 2 

3.04 

44.0 

225 

27.1 

1 Bark rough, no necrosis 

AlO 

21.5 

5,53 

15.6 

14.1 

2 95 

60.3 

145 

28 2 

Bark rough, slight necrosis 

A12 

19.6 

3.73 

15.0 

13.1 

I 3.47 

37.3 

285 

35.8 

Healthy 

A16 

20.9 

4.11 

16.3 

13.6 

2.74 

63.5 

275 

34.2 

Bark rough, no necrosis 

C18 

20.6 

3.97 

16.2 

13.1 

1 3.18 

47.0 

2t>0 

39.4 

Slight roughness, no necrosis 
! Bark rough, severe necrosis 

no 

19.8 

5.53 

16,4 

12.7 

I 2.76 

42.0 

155 

30.8 

K8 

19.9 

4.36 

16.0 

12.5 

1 3.34 

48.0 

175 

29.2 

1 Relatively healthy 

B2 

22.1 j 

6.35 i 

10.1 

13.1 

1 

3.16 j 

?elicwu 

61,1 

r 

235 

28.0 

Bark rough, no necrosis 

B6 

23.1 1 

6.28 

18.1 

14.5 

2.92 ' 

55,0 

245 

29.7 

Bark rough, no necrosis 

B$ 

23.2 

5.26 1 

16.4 

13,9 

2.88 

57.1 

155 

27.3 

Bark rough, necrosis 

BIO 

23.1 

5.86 

17.4 

16.2 

3.15 

63,5 

230 

32.7 

Bark rough, no necrosis 

B14 

23.4 1 

5.58 

16.2 

18.0 

3.60 

97.6 

155 

32.0 

Bark little rough, no necrosis 

B16 

23.4 ' 

4.83 

17.8 

13.7 

3.41 

58.0 

150 

28.5 

Bark lough, necrosis 

P2 

20.8 

7.81 

17.7 

20.2 

3.33 

Rom^ 

08.2 

225 

31,3 

Bark rough 

F6 

22.1 

6.73 

14.6 

15.8 

3 42 

53.1 

250 

28.8 

Healthy 

P8 

20.2 

6.72 

21.1 

16.8 

3.09 

67,2 

175 

34.2 

Bark rough, necrosis 

PIO 

21.8 

5.43 

17.2 

13.5 

3.56 

61.6 

270 

31.6 

Healthy 

P16 

10.2 

4.26 

19.4 

12.3 

3.55 

69.0 

165 

40.0 

Bark little rough, no necrosis 

H16 

20.4 

5.23 

18.2 

11.4 

3.47 

48.4 

155 

33.2 

Bark little rough, no necrosis 
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Manganese : — Berg reports^ values of 86 to 300 micrograms per 
gram of dried leaf material in healthy trees and 1200 to 3200 micro- 
grams per gram in severely diseased trees, the analysis being based on 
leaves taken from twigs that became badly diseased during the first 
growing season. These values are much higher than those of our 
orchard, in which the range is from 36.6 to 97.6 micrograms per gram 
of dried leaf material for all trees and from 42.0 to 60.3 micrograms 
per gram for the necrotic trees I 10, F 8 (spray injury), B 8, B 16, 
and A 10. Moreover, there is no relation between severity of symp- 
toms and manganese content revealed in Table I ; for the most severe- 
ly necrotic tree has a manganese content lower than some of the 
relatively healthy trees. 

In certain trees reported by us in another investigation (6), some 
of which were of the same age and variety as in this investigation and 
none of which showed any bark necrosis, the manganese content of 
morphologically homologous leaves ranged from 50 to 70 micro- 
grams per gram of dried foliage. 

There is therefore, no apparent relationship of the manganese up- 
take to bark symptoms in the trees under investigation. 

Iron : — From greenhouse experiments Berg and Clulo (2) con- 
cluded that not only excess manganese but also excess iron may be 
important factors in the development of the disease. The iron con- 
tent of the tissues of healthy and diseased trees has not to our knowl- 
edge been reported by them. 

The range in the present experiment is 145 to 285 micrograms per 
gram. In general the iron content of the necrotic trees is lower (50 to 
60 per cent) than that of those showing no necrosis. But there are two 
exceptions, Romes F 16 and H 16, in which bark roughness without 
necrosis occurs, and in which the iron content is of the same order of 
magnitude as those of necrotic trees. 

Vigorous trees D 32, C 32, C 31, and D 31 reported in another 
experiment (6) have an iron content ranging from 138 to 140 micro- 
grams per gram, and trees of the same age as those of this experiment, 
B 9 and D 2, a content of 84 and 117 micrograms per gram respec- 
tively. In all cases comparisons are made between morphologically 
homologous leaves. These results, therefore, do not indicate that iron 
is a factor in this experiment. 

Boron : — All values for boron shown in Table I are above the 
known critical limit for this element ; leaves from trees showing bark 
roughness without necrosis have in many cases a lower content of 
boron than those from necrotic trees, although the differences are not 
large. 

As in experiments previously* reported (7) no consistent relation- 
ship is found between the values for calcium and boron. 

The Major Elements : — Both in greenhouse and field experiments 
Berg and Clulo (2) noticed that a long season and ideal growing con- 
ditions were conducive to the development of internal bark necrosis. 
This might suggest some relationship to vigor, of which the intensity 
of nutrition and the balance between the fertilizer elements are im- 

T»ers, Anthony, Private communication, November 1, 1946. 
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Fig, 6. Loci of the resultant NPK-units and mean intensities of nutrition 
of the Stayman, Delicious, and Rome trees examined in 1946. 


portant indications. Unfortunately, growth records for these trees are 
not available and it is not possible, therefore, to examine the relation- 
ship of intensity of nutrition and the NPK-equilibriums (5) to 
growth and development. 

Fig. 6 shows the resultant NPK-units and intensities in these trees. 
The necrotic trees in diminishing order of severity are I 10, F 8 , B 8 , 
B 16, A 10 and with the exception of F 8 which is probably the result 
of spray injury, these are all congregated within a small area. Noting 
the locus of A 12, one of the most vigorous trees, suggests an exami- 
nation of the imbalance between N and P 20 r,. This is shown in Fig. 7. 

The equation to the line (broken) joining the loci of the healthy 
tree A 12 is Y = 3.23 x — 0.43 which is the general type for optimum 
equilibrium in apple trees. For example the N-PaOr) equilibrium of 
the most vigorous high yielding tree C 32 of a previous report ( 6 ) is 
represented by the equation Y = 3.45 x — 0.038, the general type for 
optimum equilibrium. The departure from equilibrium between N and 
P 2 O 5 in the other trees is shown in magnitude and direction to be 
considerable. 

Discussion 

The data of Ta]:)le I show that in no case are any of the elements de- 
termined deficient as based on known critical values. Within a given 
variety there is a relatively wide range particularly for iron and man- 
ganese ; but the data for these two elements afford no suggestion that 
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they are causal factors in bark necrosis 
nor is there any evidence that the 
symptoms are the result of boron de- 
ficiency. 

In respect to the major elements 
there are relatively large differences in 
the uptake of a particular element even 
among the trees of the same variety. 
The extent of the imbalance has been 
determined, the principle feature being 
the displacement of the equilibrium be- 
tween nitrogen and phosphoric acid in 
nearly all trees throughout the cycle. 
To what degree this imbalance is a 
causal factor in the disease has yet to 
be determined, nevertheless it does not 
appear as yet that the disease seriously 
threatens the development and growth 
of any of the trees except I 10; in 
others, symptoms detected in 1945 ap- 
peared to diminish during the favor- 
able growing season of 1946. 

Summary 

The nutrition of young apple trees 
of several varieties certain of which in 
1944 and 1945 exhibited bark abnor- 
malities resembling those described by 
Berg as internal bark necrosis was ex- 
amined by the method of foliar diag- 
nosis, The severity of the disease was 
not found to be associated with the 
concentration in the leaves of any of 
the minor elements for which analyses 
were made, namely iron, boron, and 
manganese ; in fact, the concentrations 
of these three elements varied through, 
ranges which are considered to be nor- 
mal by many investigators. 


Fio: 7. Relationship at the different periods 
of sampling of nitrogen and phosphoric 
acid content of dried foliage from apple 
trees sampled in 1946. The dotted line rep- 
resents the equilibrium between N a«d 
PaOs in tree A 12, represented by die 
equation Y = 3.23 x — 0.43, the general 
type for optimum equilibrium in apple 
trees. The numerals 1, 2, 3, and 4 repre- 
sent the successive period of sampling. 
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The nitrogen-phosphoric acid ratio, however, was found to be un- 
balanced, and the extent of the imbalance in general was directly re- 
lated to the severity of the symptoms observed. 
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The Winter Hardiness Complex in Deciduous 
Woody Plants* 

By W. G. Brierley, University of Minnesota, St, Paul, Minn, 

T he effects of low temperatures on plants have been studied for 
more than a hundred years. These studies and observations have 
resulted in publication of over 3,4(X) articles on hardiness as listed by 
Harvey (12) in 1935. All these and later studies indicate the great 
amount of attention which has been given to the problem of hardiness 
and indicate its varied and puzzling nature. From the background of 
many investigations carried on at Minnesota and elsewhere, a concept 
has gradually developed that winter hardiness is a complex of several 
specific factors. The purpose of this paper is to present this concept 
for discussion and further study in the hope that it may aid in the 
solution of some of the puzzling problems which confront those study- 
ing hardiness expressions in woody horticultural plants. 

In earlier studies of the problem, the hardiness of a woody plant 
has been defined by its overall ability to escape injury du? mg the vary- 
ing conditions of winter weather over a period of several years. Rela- 
tively little consideration has been given to the specific factors in- 
volved in the injuries. Many records show only survival or the degree 
of injury sustained. Attempts to distinguish between hardy and ten- 
der varieties by various methods, the breeding of plants for superior 
hardiness, and studies of the inheritance of hardiness often have pro- 
duced no clear cut results mainly because the complexity of the hardi- 
ness problem has not been realized. Variations in injury to fruit trees 
which occurred under different winter conditions in Michigan were 
reported by Bradford and Cardwell (3). Dorsey and Bushnell (11) 
pointed out that hardiness is by no means a simple relationship, but, 
if progress is to be made, the concept of complexity must be developed 
beyond that point. No attempt is made in this paper to survey all the 
literature on hardiness. Its purpose is to call attention to the need for 
investigations dealing with specific factors relating to ability of woody 
plants to survive winter conditions. There is need to recognize clearly 
that several factors are involved in survival or injury in order that 
we may correctly distinguish between those which aid in survival and 
those which may be the direct cause of injury. Some of these factors, 
shown in Table I, long have been recognized, but others, particularly 
those relating to cold resistance, seem to have escaped attention until 
recently. Marked differences in the hardiness ratings of some fruit 
plants grown in northern and southern regions possibly may be recon- 
ciled when the roles of all the factors of the hardiness complex are 
better understood. 

New Varieties May Affect Old Standards 

It seems likely also, that we should re-examine some of our old 
hardiness standards in light of the behavior of the large number of 

Taper No. 602 Miscellaneous Journal Series, Minnesota Agricultural Ex- 
periment Station. 
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TABLE I — Factors of the Hardiness Complex 

L Basic Factors 

1. Condition of plant 

2. Variety 

3. Maturity 

4. Exposure 

II. Water Relations 

5. Winter desiccation 

III. TcmpcraHire Relations 

6. Rest period 

7. Dormancy 

8. Time of development of cold resistance 

9. Rate of development of cold resistance 

10. Ultimate or absolute cold resistance 

11. Retention or loss of cold resistance 

12. Ability to regain cold resistance 

new varieties which have been introduced within recent years. It is 
possible that some of these new varieties may possess characteristics 
which may effect material changes in old standards. Patterson (16) 
has suggested that the roots of some new fruits grown in the prairie 
provinces must have resistance to low temperatures greater than 
shown in the commonly accepted ratings. Recent studies by Brierley 
and Landon (5) of the cold resistance of roots of the relatively new 
raspberry variety Latham have shown much lower danger and killing 
points than Carrick (7) found in old varieties. Such differences sug- 
gest the interesting possibility that new varieties of other fruits may 
similarly change other old standards of hardiness. 

Hardiness a Complex of Many Factors 

When the term ‘^hardiness” is used merely to imply ability of wood 
plants to survive wunter conditions, the term lacks value because it is 
not specific. Records appearing in annual reports of the Minnesota 
Agricultural Experiment Station relative to survival of raspberry 
canes illustrate the confusion which may follow our failure to realize 
that several specific factors are involved. In 1916 Dorsey (9) reported 

that the Latham raspberry, then identified as ‘‘Minn. No. 4*', 

“was not injured by a temperature of 49 degrees F below zero wdien 
left uncovered.” In 1920 (10) he added the apparently contradictory 
note, “The winter was mild for all fruits except raspberries and straw- 
berries”. From these statements we may infer that mild injury to 
ri^spberry canes occurred in a severe winter and severe injury in a 
mild winter. When these statements are considered in light of infor- 
mation now available it is apparent that both statements were sound 
and that “hardiness” is much more complex than merely ability to 
survive low temperatures. If results of investigations conducted under 
different climatic conditions are to be related, the particular factor or 
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factors concerned must be recognized. At present some of the factors 
discussed herein must be considered as not fully proven, since there 
is little evidence relating to them. It may be that subsequent studies 
will show that other factors need to be included. The several factors 
which now appear to be properly included in the hardiness complex 
are briefly discussed here. 

I. Basic Factors 

1. Condition of the Plant : — ^This factor needs only brief discussion 
here as its relation to hardiness is fairly well understood. A well- 
grown woody fruit plant, adequately supplied with stored foods, in 
good health, and not weakened by insects or by production of heavy 
crops in general will be best able to survive winter conditions, 

2. Variety : — Differences between varieties relative to winter sur- 
vival long have been recognized. Old varieties have been accepted in 
localities where they survive and thrive and have been rejected where 
they have failed. Ability of new varieties to endure winter conditions 
usually is determined, at least for the place of origin, before they are 
named and introduced. In general, however, it should be recognized 
that the variety merely expresses its reaction to winter conditions and 
that recording the performance of varieties does not explain differ- 
ences between them. Knowledge of the role of specific factors is 
needed to explain why varieties usually considered hardy may at 
times be severely injured in winter. 

3. Maturity : — Full maturity long has been accepted as a primary 
requirement of hardiness. Although maturity of woody plants is not 
readily defined, the relationship between indices of maturity such as 
completion of current season shoot growth or shedding of leaves, and 
cold resistance in the apple has been shown by Hildreth (13), Wil- 
son (17), and others. The great difficulty relating to this factor, how- 
ever, is the tendency to attribute to immaturity the effects of some 
entirely different factor. Maturity is necessary before a plant can de- 
velop resistance to cold but does not indicate that hardening has oc- 
curred. If a mature plant for some reason does not develop its highest 
degree of resistance to cold, injury during subsequent cold weather 
cannot properly be attributed to immaturity. Similarly if a matured 
and hardened plant fails to retain its resistance to cold, any subsequent 
cold injury is not related to the stage of maturity. Brierley and Lan- 
don (6) found that injury to raspberry canes commonly attributed to 
immaturity has at times been due to a rapid loss of cold resistance 
during a few mild days in winter. Header and Blake (15) and Blake 
and Steelman (2) have reported a similar fluctuation in cold resist- 
ance of peach buds. Injury following such changes in cold resistance 
obviously is not related to maturity and should not be so recorded. 

4. Exposure : — ^This factor needs little discussion as its effects lorig 
have been recognized. It is one of the reasons why windbreaks and 
shelter-belts are used, and also is the main reason why small plants 
such as the raspberry are protected in winter in northern localities by 
a covering of soil. A point that should not be overlooked, however, is 
that species native to northern localities are not necessarily hardy, but 
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may escape injury when protected either naturally or by management 

{ >ractices. Brierley and Hildreth (4) showed this to be the case with 
ow-bush blueberry species native to northern Minnesota. 

II. Water Relations 

5. Winter Desiccation : — This factor relates to drying of woody 
plants during the dormant season. In this, as in other factors, there 
has been confusion in the interpretation of results because woody 
plants tend to dry following injury due to cold, warm spells, insect 
injury, or disease. Such drying easily is confused with true desicca- 
tion injury. When drying occurs it is necessary first to determine if it 
is the cause or a result of injury. It i.s well known that the water con- 
tent of woody plants adapted to northern regions, when fully matured 
in fall, comprises half or more of the fresh weight of the young wood. 
This water content may fall and rise during winter, and slight losses 
cause no material injury. When a large part of this water is lost some 
plants, or their younger wood, cannot recover. Desiccation occurs 
most commonly in the Great Plains area where the soil freezes deeply 
and where drying winds are frequent. Some investigators believe that 
drying occurs even when the soil is not frozen because roots take up 
water slowly from cold soil. Under such conditions water may be lost 
more rapidly than it is replaced and drying may proceed beyond the 
point where recovery is possible. If woody plants are to be considered 
“hardy” under such conditions, they must be able to survive desic- 
cating conditions as well as low temperatures. Thus, the problem of 
hardiness is complicated and is further confused if the cause of drying 
is not detennined accurately. 


III. Temperature Relations 

6. Rest Period : — The resting condition in woody plants generally 
is considered an internal inhibition of growth, but external factors 
such as cold, heat, injuries, anesthetics, and so on are known to be 
effective in “breaking” rest. Brierley and Landon (6) have shown 
that although rest in the raspberry is relatively intense in early Octo- 
ber this condition is easily upset by early cold and that buds then may 
become active during only a few mild days in winter. This very rapid 
development of bud activity has led directly to severe injury to rasp- 
berry canes during subsequent cold. 

Darrow (8) working with blueberries and Magoon and Dix (16) 
studying response of the grape have shown that rest ends relatively 
early in these fruit plants. Possibly these fruits do not become active 
in mild weather as quickly as the raspberry but we may properly 
qiiestion if onset, intensity and duration of rest may be more directly 
related to injury or survival in some plants than we have realized. 
Behavior of the raspberry suggests the possibility that the peculiar 
reaction of some other woody plants to winter conditions may be 
similarly explained. 

7. Dormancy : — ^When rest is not the controlling factor most woody 
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plants are unable to grow, or are dormant at temperatures below 
about 4*41 degrees F. When rest is broken and bud temperature rises 
above 41 degrees F, growth in its early stages may begin. It seems 
likely that in late winter or early spring, growth may begin at tem- 
peratures somewhat lower than 41 degrees F. There appears to be a 
marked difference, however, between various woody fruit species in 
their temperature requirements for growth. The raspberry seems to 
respond at lower temperatures than apples and plums. At least the 
reputedly hardy Latham raspberry frequently has been severely in- 
jured by cold after winter mild spells whereas adjacent mixed variety 
plantings of apple and plum have shown no injury. Our information 
relating to dormancy and growth requirements could well be in- 
creased to the advantage of those studying the hardiness problem. 

8. Time of Development of Cold Resistance: — Cold resistance 
usually begins to develop during moderately cold nights and mild days 
in fall. It seems likely that woody plants adapted to northern regions 
develop cold resistance early, but there may be marked differences 
between kinds and varieties. If early cold causes injury this does not 
indicate inability to harden eventually, but may show that a given 
plant is not adapted to a northern locality because of delayed harden- 
ing. This has been recognized by some investigators. Time of harden- 
ing may be more important than hitherto considered and more infor- 
mation is needed on this item. 

9. Rate of Development of Cold Resistance: — Information is mea- 
ger relative to the effects of this factor upon ability of woody plants 
to escape injury from low temperatures. Available information deals 
largely with the behavior of herbaceous plants, but Brierley and Lan- 
don (6) recently have shown that in the Latham raspberry cold re- 
sistance develops rapidly. We may surmise that in the Armistice Day 
blizzard of 1940 in Minnesota, Haralson, Wealthy, McIntosh and 
Northwestern apple varieties escaped serious injury because of ability 
to harden rapidly, whereas the less hardy varieties, Jonathan and 
Delicious, were injured because of inability to harden as rapidly. As 
the temperature in the area adjacent to St. Paul did not fall below 0 
degrees F during that storm, nor during the several days following, 
the ultimate cold resistance points for these varieties was not reached. 
As all apple varieties in the locality appeared to be well matured, in- 
jury under the circumstances prevailing could be attributed neither 
to immaturity nor to severe cold. A somewhat similar comparison 
between Duchess and Jonathan was shown graphically by Hildreth 
(13) (Fig. 3 p. 25) in 1926 although ability of Duchess to harden 
more rapidly than Jonathan was not discussed. 

As it is not unusual in late autumn and early winter in northern 
regions for the temperature to fall rather rapidly to points near 0 
degrees F, it may be that ability to harden rapidly is an important 
characteristic of '"hardy’’ varieties. We need to learn much more 
about the role of this factor in relation to the hardiness ratings of 
varieties. 

10. Ultimate Cold Resistance: — This factor, sometimes called "ab- 
solute” hardiness is a variety characteristic. It is the lowest tempera- 
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ture which a given variety can survive without injury under the most 
favorable conditions. Although cold resistance of leaf buds, flower 
buds, and stem tissues may differ within a variety, hardiness ratings 
usually have been based upon the behavior of the vegetative portions 
of a woody plant. To a large extent, hardiness ratings such as those 
of Hildreth (13) and of Beaumont and Hildreth (1) for apple varie- 
ties are expressions of this factor. Such ratings usually show the 
average behavior of varieties over several years. They are fairly re- 
liable, and different ratings agree fairly well. Some ratings are based 
on studies carried on under controlled temperatures, but many more 
such studies are needed to broaden our information on the subject. 
Presumably, for a given variety and location, maturity, rest period, 
and cold resistance, all may have ultimate values which may not or- 
dinarily be reached. Seldom would all these factors be likely to reach 
their ultimate values in the same season. 

11. Retention or Loss of Cold Resistance : — Ability of a woody 
plant to develop a high degree of resistance to cold has a lessened 
value relative to survival if this resistance is easily lost. The common 
belief has been that hardiness once acquired is retained throughout the 
winter, then lessens more or less rapidly towards spring. Hildreth 
(13) believed that this was the case, and perhaps it is typical be- 
havior for the apple, but evidence now available indicates that the 
cold resistance of some woody plants may vary widely during winter. 
Meader and Blake (IS) and Blake and Steelman (2) have shown that 
cold resistance of peach buds in not uniform but increases and de- 
creases during winter. Similarly Brierley and Landon (6) have shown 
that the high degree of cold resistance in the Latham raspberry is 
quickly lost during periods of mild weather. Behavior of peach and 
raspberry suggests the possibility that the poor survival record of 
some other woody fruit plants may be due to loss of a protective 
degree of cold resistance rather than to failure to develop it. Thus 
ability to retain resistance to cold in relation to survival appears to 
be another factor of importance in the hardiness complex. It is evident 
that our information relative to this factor is incomplete. 

12. Ability to Regain Cold Resistame : — Do our woody plants re- 
harden easily and quickly if cold resistance is lost during mild spells 
in winter? Blake and his associates (2, 15) have shown that cold 
resistance in peach buds may be lost and regained repeatedly thus 
showing ability to re-harden. That so little is known about the ability 
of woody fruit plants to re-harden probably is related to our lack of 
information about variations in or loss of cold resistance. Obviously 
such information is needed before the problem of hardiness can be 
fully understood. 

Certainly we need to know when cold resistance is developed, how 
rapidly it develops, the ultimate degree of resistance, behavior relative 
to retention or loss of cold resistance, and much more about ability to 
re-harden. Contributions dealing with hardiness, winter injury, or 
ability of woody plants to survive winter conditions will be much 
more useful if they deal with these oi* other specific factors of the 
hardiness complex. 
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The Clustering Habit in Haralson, Minjon 
and Wealthy Apples^ 

By W. G. Brierley, University of Minnesota, St, Paul, Minn, 

I N general, the over-all value of the numerous apple varieties intro- 
duced within recent yeaVs makes them more acceptable in com- 
mercial orchards than old-time varieties. The desirable characteristics 
of these new varieties may far outweigh their poor ones, but the latter 
need to be recognized. Clustering, or multiple set, is one of these 
undesirable characteristics. Some old varieties such as Wealthy have 
a reputation for clustering and in some localities, where this variety is 
grown, thinning is regularly practiced. Although the advantages 
gained by thinning are recognized, growers usually will prefer a va- 
riety which does not cluster. 

As the relatively new varieties, Haralson and Minjon, have shown 
a tendency to set in clusters, thus suggesting the need for thinning, the 
extent of clustering in these varieties has been studied in comparison 
with Wealthy. These studies were carried on with Haralson in 1937, 
1938, and 1939, with Wealthy during 1938 and 1939, and with Min- 
jon in 1943 and 1944. The extent of clustering was recorded during 
seasons of heavy and light crops to note differences in variety be- 
havior. Trees of different ages were included in the records to note 
the effect of age of tree on clustering. 

The set of entire trees was recorded as it was noted that there was 
a definite increase in clustering towards the upper, better lighted parts 
of the trees. Because of this behavior, random samples of individual 
branches were not used. Also, in all three varieties in seasons of light 
crop, many branches were found with no set. During the study the 
behavior of 35 Wealthy, 60 Haralson and 25 Minjon trees was re- 
corded and a total of over 46,000 spurs examined. 

Effect of Heavy and Light Set 

The data show that the extent of clustering was materially affected 
by set. In all three varieties there was a higher percentage of clusters 
of two to six apples when the set was light than when it was heavy. 
This behavior has long been recognized as characteristic of Wealthy, 
although it usually has escaped mention in published descriptions. The 
behavior of young Haralson trees as affected by set is shown in Table 
I. The same trees were used over the three-year period that included 
two heavy and one light crops. Increasing age and production of the 
trees affected the results but were unavoidable. This table shows a 
marked increase in the percentage of clusters of two to six apples in 
the year of light set. No similar comparisons could be made of Weal- 
thy trees twenty years of age or older. This variety is an alternate 
hearer and older trees tend to produce little or no crop in the “off*' 
year. Older trees of Minjon show this same tendency so far as their 
performance has been recorded. 

^Paper No. 2349 of the Scientific Journal Series of the Minnesota Agricul- 
tural Experiment Station. 
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TABLE I — Clustering of Young Haralson Trees as Affected 
BY Heavy and Light Sets 


Apples Per Spur No. 

Heavy Set Six Years 

Light Set Seven Years 

Heavy Set Eight Years 

No. Spurs 

Per Cent 
Spurs 

No. Spurs 

Per Cent 
Spurs 

Nq. Spurs 

Per Cent 
Spurs 

1 . 

263 

41.8 

306 

25.2 

3,181 

56.2 

2 .... 

243 

38.6 

405 

33.4 

1,818 

32.1 

3 

91 

14.4 

313 

25.8 

546 

9.6 

4 

29 

4.6 

147 

12.1 

106 

1.9 

5 . . 

3 

0.5 

38 

3.1 

14 

0.2 

f>. . . . . . 

0 

0 

4 

0.4 

0 

0 

Total clusters per cent 


58.7 


74.8 


43.8 


Effect of Age of Tree 

The effect of age of tree on the percentage of clusters is shown in 
Table IT. In Wealthy there was a slight increase in clustering on older 
trees, but as no trees 20 years of age or older were available the fig- 
ures are not strictly comparable to those for Haralson and Minjon. 
The decrease in per cent of clusters on older trees was marked in 
Minjon and more so in Haralson. This table also shows that both 
young and old trees of Minjon tend to set much higher percentages of 
clusters than either Haralson or Wealthy. 


TABLE IT — Clustering as Affected by Age of Trees 


Variety 

Age of Trees 
(Years) 

Per Cent Clusters of 
Two to .Six Apples 
(Weighted Average) 

Wealthy . . . . . . . . 

7 to 8 

43.8 


14 to 15 

41.1 

Haralson. . ... 

6 to 8 

50 1 


Over 20 

39.6 

Minjon 

10 to 11 

76.1 


24 

69.7 


Variety Habit 

The clustering habit for the three varieties is shown in Table III. 
The records for all ages of trees and the varying sets of the different 
seasons are included in these weighted averages to express variety 


TABLE III — Clustering Habit of Haralson and Minjon 
Compared to Wealthy* 


i 

Variety 

Years 
Re- 1 
corded j 

i 

Spurs 

Apples Per Spur 

Total 

Spurs 

(Number) 

Clusters 
(Per Cent) 

1 

2 

3 

4 

5 

6 

Wealthy 

2 1 

Number 

5,056 

2.583 

877 

238 

52 

2 

8,808 

42.5 



Per cent 

67.4 

29.3 

9.9 

2.7 

0.6 

0 



Haralson 

3 

Number 

15,530 

8,367 

2.918 

841 

161 

6 

27,823 

44.2 



Per cent 

65.8 

30.1 

10.6 

3.0 

0.6 

0 



Minjon 

2 

Number 

2,182 

3,559 

2,403 

1,022 

678 

131 

9,075 

78.1 



Per cent 

21.9 1 

25.7 

24.1 

10.2 

6.8 

1.3 




♦Behavior of trees of all ages. 







BKIERLEY : CLUSTERING HABIT IN APPLES 


19 


habit. This table shows that Haralson tends to cluster as much as or 
slightly more than Wealthy. Minjon is shown to set a much higher 
percentage of clusters than either Wealthy or Haralson. Haralson on 
the average tended to set single apples on a little more than half the 
spurs. Clusters of two and three apples were common, and spurs with 
four or five apples were found frequently. Clusters of six apples did 
not occur frequently enough to appear in the percentages. Such clus- 
ters usually were found on young trees or on those with a light set. 

Clustering in Minjon was more pronounced than in either Weal- 
thy or Haralson (Fig. 1). Single apples were found on only 21.9 per 



Fig. 1. Typical clusters in Minjon a month before harvest. 

Percentages are shown in the table. 

cent of the spurs examined. Nearly four out of every five spurs set 
clusters of two to seven apples, although only two spurs were found 
with a set of seven apples. In Minjon the combined percentages for 
three, four, five and six apples per spur amounted to 42.4 per cent, a 
figure equal to the total clustering in Wealthy and nearly equal to that 
of Haralson. In addition, 25.7 per cent of Minjon spurs set two apples. 

The beneficial eflfect of setting only one apple per spur was largely 
offset in both Wealthy and Haralson, because in these varieties the 
spurs often are crowded so closely together on young wood that the 
single apples touch to form “ropes.'" Under favorable conditions these 
varieties also tend to form axillary fruit buds on strong shoots. Most 
of these as a rule do not set, but when they do “roping" is more pro- 
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riounced. Such 'Vopes** 
are more common with 
Haralson (Fig. 2) than 
with Wealthy under 
Minnesota conditions. 
This behavior possibly is 
related to the heavier 
production of Haralson 
trees. In Minjon ‘‘ropes” 
are not so common, pos- 
sibly because few axil- 
lary blossoms are formed. 
The tendency for Haral- 
son to form “ropes” has 
a direct bearing on thin- 
ning of this variety. In 
another experiment the 
effects of thinning Har- 
alson showed that leav- 
ing one apple per spur 
had little effect on size 
or color, whereas thin- 
ning to 4-inch spacing 
resulted in marked im- 
provement in size and 
color with little loss in 
yield per tree. 

Fig 2. A “Rope” of Haral- 
son apples in late July be- 
fore the single apples were 
touching. 


Magnesium Deficiency in KieSer Pear Trees 

By C. P. Harley, [/. S. Plant Industry Station, Beltsville, Md. 

A SMALL block of SS-year-old KiefFer pear trees located at the Plant 
Industry Station, Beltsville, Maryland, had been topworked in 
1936 to a number of new pear selections. While examining these trees 
in the latter part of August 1946, it was observed that the older leaves 
at the base of some of the current season’s KiefFer growth exhibited a 
very unusual patterning. Oblong islands of dark purplish brown to 
almost black tissue were arranged in rather orderly fashion between 
the parallel veins on both sides of the midrib, extending from the tip 
to the base of the leaf, in typical specimens. Some chlorosis at the 
margins of these intervenal islands was present in leaves where the 
symptoms were extreme. Fig. 1 illustrates variations in degree of ex- 



Fic. 1, Basal shoot leaves of Kieffer pear tree showing symptoms associated 
with low magnesium content, compared w^ith a normal apical leaf. 

pression, in comparison with a normal leaf of KiefFer. None of the 
grafted selections was visibly affected. 

A deficiency of magnesium was suspected, for many young Golden 
Delicious apple trees growing in the immediate vicinity showed typical 
leaf symptoms of magnesium hunger. Corroborative evidence was ob- 
tained in the chemical analyses of the KiefFer leaves. These are given 
in Table 1. 

The very low magnesium and the rather high potassium percentages 
.in the basal leaves indicate that the symptoms are associated with a 
deficiency of magnesium. The reciprocal relationship between mag- 
nesium and potassium in magnesium deficiency of the apple has been 
summarized by Boynton (1). 

Although additional verification is perhaps desirable to definitely 
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TABLE I— Nitrogen, Calcium, Potassium, and Magnesium Content 
OF Kieffer Pear Leaves, Sampled August 20, 1946 (Expressfj) as Per- 
centages OF Dry Weight) 


Description of Leaf Samples 

N 

(Per Cent) 

Ca 1 
(Per Cent) 

K 

(Per Cent) 

Me 

(Per Cent) 

Leaves from basal portion of shoots showint? 

charactenstic symptoms ... 

Leaves from terminal portion of the same shoots 
showing no symptoms ... 

2.03 

1.10 

2.56 

0.051 

2.34 

1.46 1 

1.04 

0.267 


prove this condition to l)e due to magnesium deficiency, it is thought 
that a description of the unique and distinctive symptom pattern will 
be of interest at this time. 


Literature Cited 

1. Boynton, Damon. Magnesium nutrition of apple trees. Soil Sci. 63:53- 
58. 1947. 



Comparative Value of Sawdust, Hay, and Seaweed 
as Mulch for Apple Trees 

By L. P. Latimer and G. P. Percival, University of 
New Hampshire, Durham, N. H, 

A pple orchards in New Hampshire usually are managed under some 
. form of sod culture. In some orchards the grass is cut in summer 
and allowed to remain where it falls ; or else it is raked up under the 
trees. Many growers have come to realize that greater benefits often 
are derived from bringing in additional mulching material, and spread- 
ing it under the trees. Meadow and marsh hay are usually used for 
this purpose. 

In regions where it is difficult to obtain hay, sawdust often is read- 
ily available. Growers in these areas, therefore, have requested infor- 
mation concerning the possible use of sawdust for mulching their 
apple trees. To answer this question, an experiment designed to com- 
pare sawdust with hay and other materials as mulch for apple trees 
was begun in 1942 at the University Horticultural Farm. The set up 
for this experiment has been described in a previous paper (1). In 
brief, four rows of a young McIntosh apple orchard (7 years old) 
were selected for this experiment, and the mulch treatments begun in 
June 1942. Treatments were arranged in randomized blocks with six 
repetitions, but with the limitation that trees were paired according to 
circumference. Thus, there were trees of comparative diameters under 
each of the treatments in the different blocks. This was done in order 
to have trees of equal yield capacity represented in the different treat- 
ments. Yeager and Latimer (5) have shown that there is a very high 
positive correlation between tree circumference and yield of fruit in 
an adjacent block of older trees in this orchard. Thus, each block in 
the experimental design consists of four trees mulched with hay, four 
with pine sawdust, and four allowed to remain in sod without addi- 
tional mulch. The grass growing between the rows and under the trees 
is cut each summer and allowed to remain where it falls. No fertilizer 
of any kind has been applied since starting the mulch treatments. In 
addition to the above treatments, 10 trees were selected in this same 
orchard and mulched with seaweed. This was done because one 
grower located near the seashore had used seaweed under some of 
his trees. This practice, in his opinion, gave' excellent results. All data 
was subjected to statistical analysis. The soil in this orchard has been 
classified as Charlton stony loam, and averages 3 to 4 feet in depth. 

Results 

The first years results have been presented in a previous paper by 
the writers ( 1 ) . The present paper is a progress report on the effects 
of the different treatments to date. The most important factors to 
consider from a commercial point of view are yield, color, and size of 
fruit. 

Data for yield are presented in Table I. In 1943 and 1946 the yield 
of trees mulched with hay or with seaweed was significantly greater 
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TABLE I— Yield (Bushels Per Tree) 


Year 

Soil Management 

Level of Significance 

Sod 

Hay 

Sawdust 

Seaweed 

P-0.05 

P -0.01 

P Value 

1943 

0.27 

1.16 

0.69 

1.22 


0.82** 

lO-SO** 

1944 

0.85 

2.80 

2.40 

2.21 

1.86 

— — 

6.32* 

1945 

0.14 


0.23 

0.23 


— — 

N.S. 

1946 

0.80 

3.39 

1.37 


' 0.82 

1.17 

27.07** 

Total 1943*6. .. 


7.49 ! 

4.69 

1 5.59 1 

i 2.25 

3.20 

14.41** 


than that of trees mulched with sawdust or grown in sod. In 1944 
trees mulched with hay yielded a significantly greater amount of fruit 
than trees in sod. The total yield for the four years of mulching treat- 
ment (1943 to 1946) was greatest in the case of trees mulched with 
hay. Seaweed mulched trees were second in total yield. Trees mulched 
with sawdust produced only 60 per cent as much fruit as those 
mulched with hay, while trees growing in sod produced a total of only 
2 bushels of fruit per tree over the 4-year period. 

Fruit size in 1944 and 1946, years of heavier yield, was not signifi- 
cantly different for the different treatments; but in 1943 hay-mulched 
and seaweed-mulched trees alike produced larger fruits than either 
trees mulched with sawdust or those growing in sod (Table IT). 


TABLE 11 — Fruit Size (Average Weight Per Fruit (Lbs.) 


Year 

Soil Management 

Level of Significance 

Sod 

Hay 

Sawdust 

Seaweed 

P-0.05 

P -0.01 

F Value 

1943 

0.31 

0,36 

0.31 

0.37 

0.023 

0.032 

22.42** 

1944 

0.32 

0.32 

0.32 

0.28 

— 

— 

N.S. 

1946 

0.28 

0.32 

0.28 

0.30 

0.020 

0,029 

11.87** 

1946 

0.24 

0.23 

0.23 

0.24 

— 

— 

N.S. 


The fruit from sawdust-mulched trees and sod grown trees was 
more highly colored in 1943 than was fruit from trees under other 
treatments. In other years there was no significant difference in color 
of fruit attributable to different treatments except that in 1946 fruit 
from seaweed-mulched trees possessed less red color than fruit from 
trees under other treatments (Table III). 


TABLE III — Red Color Fruit (Per Cent Surface Covered) 


Year 

Soil Management 

Level of Significance 

Sod ■ 

Hay 

Sawdust 

Seaweed 

P -0.05 

P-0.01 

F Value 

1943 

84 

83 

69 

73 

68 

79 

69 

72 

86 

76 

71 

76 

64 

80 

70 

61** 

9.3 

13.3 

10.90** 

N.S. 

N.S. 

N.S. 

1944 

1946 



1946 

ZH 

zz 


In contrast to this, the ground color of fruit from hay-mulched trees 
and seaweed-mulched trees was darker green than was the ground 
color of fruit from sawdust-mulched or sod grown trees. In other 
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years the ground color was the same in all treatments except that in 
1946 the ground color of apples harvested from seaweed-mulched 
trees was much darker green than that of fruit from trees under other 
treatments (Table IV). Regardless of the treatment there was a very 


TABLE IV— Green Ground Color (1 = Yellow; 5 = Deep Green) 


Year 

Soil Management 

Level of Significance 

Sod 

Hay 

Sawdust 

Seaweed 

P «0.05 

P-0.01 

P Value 

1943 

1.91 

2.38 

3.02 

2.32 

2.49 

2.60 

3.07 

2.43 

2.03 
2.08 
2.87 
‘ 2.25 

2.77 

2.44 

2.97 

3.30»* 


0.29 

11.01** 

N.S. 

N.S. 

N.S. 

1944 

1945 

... 


1946 

— 

_ 1 




high negative correlation between the intensity or darkness of green 
ground color and the total amount of fruit surface covered with red 
color, the coefficient being greater in years of heavy crop than in years 
of light crop. The correlation coefficient for the several years was as 


follows : 

r 

1943 —.589 Light crop year 

1944 —.753 Heavy crop year 

1945 —.442 Light crop year 

1946 —.689 Heavy crop year 


The differential effect of treatment on leaf color was so marked 
that by sight alone one could easily distinguish trees which were un- 
der hay or seaweed mulches because of their dark green foliage. 
Leaves of sawdust-mulched, and sod grown trees were much paler 
green (Table V). 

TABLE V — Foliage Color (1 = Yellow; 5 = Deep Green) 


. Year 

Soil Management 

Level of Significance 

Sod 

Hay 

Sawdust 

Seaweed 

P -0.06 

P -0.01 

F Value 

1943 Fall 

2.9 

4.5 

3.1 

4.5 

0.42 

0.60 

41.40** 

1944 Spring 

3.1 

3.9 

2.6 

4.0 

0.61 

0.87 

10.22** 

1945 Fall 

3.1 

4.3 

3.0 

3.5 

0.39 

0.56 

32.01** 

1946 Summer 

3.3 

4.6 

3.0 

4.9 

0.48 

0.66 

33.66** 

1946 FaU 

2.4 

3.4 

2.6 

4.1 

0.45 

0.63 

14.96** 


The average annual length growth of terminal shoots was very uni- 
form for all trees in the years preceding the application of the mulches. 
Following mulch application in the early summer of 1942, those trees 
mulched with hay made greater annual shoot growth than any of 
the others. There was no significant difference in length growth be- 
tween the trees of the other three treatments, (Table VI). From 1943 
to 1946, trees mulched with hay made about 30 per cent greater 
length growth than trees under any of the other treatments. 

Although there was no significant difference in increase of trunk 
circumference due to difference in cultural method, the hay-mulched 
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TABLE VI — Average Length Growth Per Shoot (Feet) 


Year 

Soil Management 

Level of Significance 

Sod 

Hay 

Sawdust 

Seaweed 

P »0.05 

P-0.01 

P Value 

1941 

0.83 

0.79 

0.84 

086 





N.S. 

1942 

0.99 

0.92 

0.92 

0.85 

— 



N.S. 

1943 ... 

0 84 

1.09 

0.77 

0.79 

0.18 

— 

5.57* 

1944 . 

0.69 

1.03 

0.79 

0.65 

0.14 

0.19 

15.00** 

1945. 

1 01 

1.18 

1.04 

0.98 

— 

— 

N.S. 

1946 . . 

0.87 

1.14 

0.87 

1.02 

0.13 

0.19 

13.23** 

Total 1943-6 

3.41 

4 44 

3.47 

^44 

0.46 

0.66 

15.29** 


trees did seem to have a tendency to grow more in diameter than the 
others (Table VII). 

In the fall of 1945, soil samples were taken. The results of qiiick- 


TABLE VII — Circumference of Tree Trunk (Average Per Tree Feet) 




Soil Management 

Level of Signifiance 


Sod 

Hay 

Sawdust 

Seaweed 

P -0.05 

P-001 

F Value 

1940 sp . 

0 50 

0 49 

0 49 

0.58 

— 

— 

N.S. 

1 943 sm 

0.83 

0 82 

082 

0.91 

— 



N.S. 

1944 sp ... 

0.91 

0.95 

0.91 

1 01 

___ 

— 

• N.S. 

1946 f . . 

Per cent increase 

1.23 

1.37 

1.24 

1.37 



N.S. 

1940-6 

48.2 

67.1 

51.2 

50.6 

— 

— 

N.S. 


tests for available nutrient elements are presented in Table VIIL The 
different treatments did not seem to have any differential effect on 
pH. Nitrate nitrogen was much higher under hay than under other 
treatments. Phosphorus was higher, at the 0- to 2-‘inch level, under 
hay and seaweed mulches than under sawdust or sod ; at the 2- to 4- 
inch level there was no such difference. At both levels, Magnesium 
was higher under hay mulch than under the other treatments, except 
that under seaweed mulch at the 2 to 4-inch level magnesium gave as 
high a test as was noted for hay mulch. Potassium was very high 
under all treatments, but seemed highest under hay. Available calcium 
did not differ among the different treatments. The hay mulch reduced 
the amount of soluble aluminum; no other treatment had this effect. 

In the spring of 1946, hay mulched trees showed much heavier 
bloom than other trees under test. Unmulched trees were conspicuous 
for the low number of blossoms per tree. This condition was reflected 
in the yield of fruit as shown in Table L 

The difference in ability of each mulch to prevent weed growth 
was noteworthy. Grass and weeds did not grow up through the hay 
mulch, while the sawdust mulch formed an ideal medium for the 
growth of witch grass. At the end of the fourth year, the sawdust had 
become so filled with rhizomes of witch grass that, with the hand, it 
was difficult to dig through the mulch to the soil surface. Further- 
more, witch grass readily grew up through the sawdust, finally hiding 
the latter from view. Grass grew vigorously at the edge of the sea- 
weed, but did not grow up through it as readily as through the saw- 
dust. The grass growing up at the edge of the seaweed mulch was 
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TABLE VIII — Results of Quick-Tests of Soil Samples Taken October 
1945 From Blocks Treated With Mulches Indicated 


Material 

1 

2 

3 

4 

5 

6 

Seaweed 


pH (o- to z-inch Level) 


Sod 1 

6.1 

6.8 

5.8 

4.8 

4.9 

5.5 

Hay 1 

4.8 

6.7 

5,4 

4.8 

4.9 

5.4 

Sawdust ... 

6.3 ! 

5.1 

6.5 

5.1 

5.3 

5.8 

Seaweed ... 

— ! 

— 

— 

— 

— 

— 




pH ( 2 - to 4 -inch Level) 



Sod .... 

5.0 

4.9 

5.3 

4.9 

4.7 j 

5.1 

Hay 

4.8 

4.9 

54 

5.0 

4.9 i 

5.3 

Sawdust . . . 

4.9 

4.7 

5.2 

5.2 

4.8 j 

6.6 

Seaweed . . . 

— 

— 

— 

— 

— 1 

— 


4.9 


5.0 


NOi-N (o- to 2 -inch Level) 


Sod 

VL 

VL 

VL 

L 

VL ! 

VL 

Hay 

LM 

M 

M 

M 

M 

M 

Sawdust . . 

VL 

VL 

VL 

VL 

VL 

VL 

Seaweed 

— 

— 

— 

— 

— I 

— 


Sod . . 
Hay . . 
Sawdust . 
Seaweed , 


(2 to 4 -inch Level) 


VL 

VL 

VL 

VL 1 

VL 1 

VL 

L 

M 

M 

L ! 

L ! 

LM 

VL 

VL 

VL 

VL i 

VL 

VL 

— 

— 

— 

— i 

— 1 

— 


VL 


VL 


Sod.. .. 
Hay . . 
Sawdust . 
Seaweed 


Sod... . 
Hay 
Sawdust 
Seaweed 


Sod . 
Hay . . . 
Sawdust 
Seaweed . 


Sod ... 
Hay , 
Sawdust 
Seaweed 


NHi-N (o- to 2 -inch Level) 


L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 



( 2 * to 4 -in 

ck Level) 


- 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 



P (o- to 2 -i 

nch Level) 



LM 

1 L 

LM 

LM 

L 

L 

M 

M 

M 

M 1 

M 

M 

L 

L 

LM 1 

LM 

L 

LM 



( 2 - to 4 -f, 

nch Level) 



L 

VL 

VL 

L 

VL 

VL 

L 

L 

L 

L 

L 

L 

VL ! 

VL 

L i 

L 

L 

L 

— 

— 

— 

— 

— 

— 


L 


L 


M 


L 


Mg (o- to 2 -inch Level) 


Sod 

L 

L 

L 

L 

L 

L 

Hay 

M 

M 

M 

M 

M 

M 

Sawdust .... 

L 

L 

L 

L 

L 

L 

Seaweed .... 

— 

— 

— 

— 

— 

— 


Sod 

Hay .... 
Sawdust. . . 
Seaweed . . . 


{ 2 - to 4 -inch Level) 


VL 

VL 

VL 

VL 

VL ! 

L 

L 

L i 

L 

L 

LM j 

L 

L 

VL 

VL 

VL 

L 

L 

— 

— ! 

— 

— 

— 

— 


L 





K (o- to 2-inch Level) 



Sod 

VH 

H 

VH + 

VH 

VH 

MH 

Hay 

VH + 

VH + 

VH-L 

VH + 

VH-f 

VH-f 

Sawdust . . . 

VH 

VH 

VH 

H 

VH 

MH 

Seaweed . . . 

— 

— 

— 

— 

— 

— 


VH 


Sod 

Hay 

Sawdust .... 
Seaweed .... 


K ( 2 - to 4 -inch Level) 


H 

H 

H 

MH 

M 

M 

VH 

VH 

VH 

M 

VH 

VH 

H 

MH 

H 

H 

MH 

MH 

— 

— 

— 

— 1 

— 

— 


VL 
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TABLE ^YLl— {Concluded) 


Matenal 

1 

2 

3 

4 

6 

6 

Seaweed 




Ca (o- to 2 -tnch Level) 




Sod 

L 1 

VH + 

VH + 

L 

VH 

VH 



Hay 

VH + 

VH 

M 

HVH 

M 

H 


Sawdust 

H + 

M 

MH ; 

M , 

H 

MH 


Seaweed 


— i 

— 1 

— 1 

— 

— 1 

M 




Ca ( 2 - to 4 ~tnch Level) 




Sod 

L 

L 

H 

VL 

VL 

L 

— 

Hay 

VL 

L 

L 

VL 

M 

LM 

.... 

Sawdust 

VL 

L 

L 

LM 

LM 

MH 



Seaweed 

— 

— 

— 

— 



M 




Al (o- to 2 -tnch) 




Sod 

VH 

H 

H 

VH 

H 

H 


Hay 

H 

M 

M 

H 

M 

M 

.... 

Sawdubt 

VH 

VH 

VH 

VH 

VH 

H 



Seaweed 

— 

— 

— 




H 


Al ( 2 - to 4 -tnch Lrvfl) 


Sod 

VH 

VH 

H 

VH 

VH 

VH 



Hay 

H 

H 

MH 

H 1 

MH 

MH 

... 

Sawdust 

VH 

VH 1 

VH 

VH 

VH 

H 

— 

Seaweed 

— 

— 1 

— 

— 


— 

VH 


very dark green in color compared to the unfertilized grass growing 
between the rows. 

The condition of the bottom layers of the various mulches appeared 
quite different after 4 years. A layer 2-inches thick of black, broken- 
down organic matter had accumulated under the hay mulch, and a 
considerable amount of this material had become admixed with the 
top-inch of soil. Feeding roots of the trees had grown into this layer. 
Evidence of decomposition was lacking under the sawdust, and the 
character of the soil had not changed apparently from its original con- 
dition. Under seaweed there was a slight accumulation of decom- 
posed organic matter, and this had not become mixed with the soil. 

The soil remained moist at all times under the hay and sawdust. 
Seaweed tended to dry out and shrink to such an extent that the top- 
soil also became dry during drouthy weather. 

Discussion 

There is strong evidence that under the conditions of this experi- 
ment, and in the absence of fertilizer application, hay mulch placed 
under the trees provided far better soil condition for tree development 
and root function than did sawdust ; namely, by improving soil mois- 
ture conditions, increasing the organic matter content and the amount 
of available nitrogen, phosphorus, magnesium and potassium. At the • 
same time the amount of soluble aluminum was reduced. Wander and 
Gourley (4) in Ohio, also have shown that minerals in available form 
increase under hay mulch. Shaw and Southwick (2) showed that 
striking amounts of nitrate accumulated in the soil under hay mulch in 
Massachusetts. In both cases above, no fertilizer was used with the 
mulches. Shaw and Southwick found also that there was greater shoot 
growth, trunk diameter increase, and yield with mulched trees than 
with those grown under cultivation without fertilizer. These facts sub- 
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stantiate the facts presented in this paper by the writers and lead to 
the conclusion that the improvement in performance of McIntosh trees 
mulched with hay has been due largely to the power of increasing soil 
fertility compared to the inability of the other treatments to do this. 
Furthermore, the hay mulch suppressed grass growth, thereby elimi- 
nating competition between tree roots and grass for minerals. 

Although the amounts of available nutrients did not differ under 
sod and sawdust there was better retention of moisture under the 
sawdust. The pale green color of the leaves of trees mulched with 
sawdust indicated nitrogen deficiency. The same may be said for trees 
grown in sod. Further evidence that nitrogen supply was deficient 
under sawdust and under sod may be gleaned from the fact that in fall 
the leaves of these trees turned yellow and developed a considerable 
amount of pale pink color while the leaves of the trees mulched 
with hay and those mulched with seaweed still retained their good 
green color. Furthermore, fall defoliation occurred with sawdust- 
mulched and sod grown trees several weeks ahead of hay-mulched 
trees; in fact the green color of the leaves of the hay-mulched trees 
was retained until the time they were shed. 

Data has been presented to show that trees mulched with sawdust 
respond in tree and leaf development much as do trees in sod, the 
difference between the two being manifest in the lighter yield shown 
by the trees in sod. This might seem to indicate that the leaf growth 
and twig growth had taken place at a time when there is the least 
competition for water and certain nutrients, but at the time of fruit 
bud formation water deficiency may have become a limiting factor 
with the trees in sod. 

The effect of sawdust on plant growth when used as a soil amend- 
ment, and when used (as reported by Loree) as a mulch for rasp- 
berries, has been reported by Turk (3). Turk showed that sawdust, 
mixed with soil, or used as mulch, depresses the yield of non- 
leguminous crops and that this is associated with a decrease in avail- 
able nitrates. If, however, the sawdust is mixed with the soil, this 
effect is temporary and may disappear in a year or two. If mixed with 
nitrates, there should be no harmful effect from sawdust, according 
to Turk. He further states that sawdust has virtually no fertilizing 
value. This is borne out by the data presented by the writers in Tables 
I to VIII. 

The effects of sawdust compared with other materials as a mulch 
for apple trees has not previously been studied in well laid out experi- 
mental designs, if it has been studied carefully at all. Reports from 
orchardists who occasionally have used sawdust are indicative of 
favorable results, but in these cases no direct comparison has been 
made with other treatments. From the data presented in this paper 
it is evident that the trees did better when mulched with sawdust than 
when grown under ordinary sod culture, but not as well as when they 
were mulched with hay or with seaweed. 

Beginning with the spring of 1947, one-half the number of trees in 
this experiment will receive annual applications of nitrogenous ferti- 
lizer. 
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Summary and Conclusions 

In the absence of fertilizer application, hay mulch provides nearly 
ideal conditions for tree development and performance ; seaweed takes 
second place. Sawdust mulch provides excellent conditions of soil 
moisture, but yield and tree growth are cut down, and the foliage is 
pale in color. 

Sod culture without additional mulch provides the least satisfactory 
condition as reflected in the very low yield of trees grown by this 
system, and in the failure of these trees to produce many fruit buds. 

The difference in moisture supply,- organic matter and quantity of 
available nutrients in the soil, and weed control with the different 
treatments would account in large measure for the difference in re- 
sponse of McIntosh apple trees to hay, sawdust, and seaweed mulches 
and to sod culture. 

Little or no difference was noted in the effect of the different treat- 
ments on fruit color and size except that seaweed mulch caused the 
development of darker ground color and less red color on fruit than 
did the other treatments. Fruit on trees mulched with seaweed usually 
matured later than fruit on other trees. Foliage color was much better 
with hay and seaweed mulch than with sawdust mulch or sod culture. 
Annual length growth of shoots was greatest in the case of the trees 
mulched with hay. 

Hay mulch resulted in an accumulation of available nitrate, phos- 
phorus, magnesium and potassium in the soil. vSuch accumulation was 
not found with sawdust and sod, but phosphorus did accumulate 
under seaweed. The pH of the soil and the amount of available cal- 
cium present did not differ among the different methods of soil 
management. 
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A Comparison of Various Methods for Reducing 
Transpiration Losses in Apples 

By M. L. McMahon, Cornell University, Ithaca, N, F. 

T he control of transpiration losses from fruit in storage is an im- 
portant phase in the extension of storage life. 

Some work has been done on this problem in recent years (1, 2, 4, 
S, 6, 7, 8, 9, 10, 11, 12, 13, 14) employing various wax emulsions, 
plastic materials, wrappers and box liners but there is little informa- 
tion available as to the comparative effectiveness of these materials. 
This study was therefore designed to determine the relative merits of 
the several types of materials generally used to test the efficiency of 
various new materials arising from the prepackaging boom. 

Methods 


Duplicated lots of 10, uniform, mature Golden Delicious apples 
were used for each test. Twenty pound boxes were filled with un- 
treated Golden Delicious apples except for the top layer. The 10 
treated experimental fruits 
were placed in these boxes. 

An exception to this gen- 
eral practice was with the 
commercial liner and wrap- 
per, here a standard bush- 
el box was employed with 
20 test fruits instead of 
10 . 

The fruits were held for 
a short period in ordinary 
cold storage before treat- 2 
nient in 1945, and were j 
then placed in storage at ^ 

33 degrees F, In the 1946 ^ 
tests the fruits were picked ^ 
and brought directly from ^ 
the orchard, held 1 day in 5 
ordinary storage, treated, 
and stored at 33 degrees 
F. The average relative 
humidities during the 1945 
and 1946 storage periods 
were 86 per cent and 85 
per cent respectively. 

Before treatment each lot 



of 10 fruits was weighed 
to the nearest gram. The 
weights of these duplicate 
apple units were roughly 


Fig, 1. Effect of various wax emulsions on 
weight loss from Golden Delicious ap- 
ples during 14 weeks storage at 33 de- 
grees F and 86 per cent relative humid- 
ity (1945). 
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within 5 per cent pf each other, so that surface area would be more 
nearly constant (3). 

“Loose wrap” means that the corners of the fruit wrappers were 
not twisted together. “Tight w^p” means that the comers were 
twisted together. “Heat stretched” Pliofilm means that a sheet of 
Pliofilm was warmed over a bunsen flame until easily stretched. Then 
an apple was quickly placed in the middle of the sheet and the film 
stretched over the apple and the corners twisted and heat sealed to- 
gether. “Open corner” means that the sides and ends of the liner did 
not overlap at the corners. “Closed comer” means that there was a 
definite overlap at the corners and moreover the joints were sealed 
with a pressure tape. With all except the commercial type box liners, 
sufficient material was used so that when the sides and ends were 
folded over, four thicknesses covered the top layer of fruit. 

Results 1945 

Waxes : — In 1945 several dilutions of Brytene 489 AM, Sta-fresh 
810 and Sta-fresh 860 were compared. Fig. 1 indicates that none of the 
diflPerences between the waxes was very great and that moisture loss 

w^as on the whole rather 
high. Strpnger concentrations 
were more efficient in reduc- 
ing weight losses. 

Wrappers : — Fig. 2 pre- 
sents the results with wrap- 
pers and when compared with 
Fig. 1 indicate that the wrap- 
pers are much more effec- 
tive than the waxes. Heat 
stretched Pliofilm^ was ap- 
parently the most efficient, 
followed by aluminum foil, 
pliofilm 40 gauge wrap and 
finally Cellophane. 

Box Liners : — Since box 
liners require approximately 
one-fifteenth as much materi- 
al as individual wrappers 
(13), this is a most economi- 
cal method of employing 
moisture loss prevention ma- 
terials. Fig. 3 indicates that 
aluminum liners give good 
control of weight loss. They 
were far superior to waxes 
but not as efficient as the 
wrappers tested (with the 
exception of Cellophane). 

^Moisture loss weighings were terminated with this treatment 8 weeks before 
the others owing to loss of one of the samples. 



Fig, 2. The effect of various fruit 
wrappers on weight loss from Gold- 
en Delicious apples during 12 weeks 
storage at 33 degrees F, and 86 per 
cent relative humidity (1945). 
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TABLE I— The Comparativs Effect of All Materials Tested 1945 on 
Golden Deucious Apples After 14 Weeks at 33 Degrees F, and 86 
Pe» Cent Average Relative Humidity 


Treatment 

Water Loss 
(Per Cent) 

Reduc- 
tion in 
Water 
Loss 
Com- 
pared to 
Losses 
in Con- 
trol (Per 
Ceat) 

2| 

Soluble Solids 
(Per Cent) 

Ground 

Color 

Remarks 

Pliofilm 120N2 (heat stretched)* 

.002 inch aluminum foil (tight wrap) 

.002 inch aluminum foil (loose wrap) . . . 
.002 inch aluminum foil (closed comer) . 
Pliofilm 40 gauge wrap 

Average values 

0.43 

0.72 

0.99 

1.1 

1-1 

93 

89 

84 

83 

83 

14.7 

13.2 
13.9 
14.6 

14.8 

14.3 

15.3 

15.7 

16.6 

16.1 

16.1 

16.0 

3.0 

4.0 
4.0 
4.0 
3.9 

sT 

Very good condition 
Bxceli^t 

Excellent 

Very good condition 
Good condition 

.002 inch aluminum foil on 40 pound E!raft 

liner (closed comer) 

.002 inch aluminum foil on 40 pound Kraft 
liner (open comer) 

.002 inch aluminum foil liner (open comer) 
CeUophane 460 Lat. Wrapper 

Average values 

2.0 

2.7 

3.0 

3.1 

60 

58 

53 

52 

14.7 

14.4 

14.6 

14.3 

ils 

15.5 

16.2 

16.2 

16.8 

16.2 

3.9 

4.0 

4.0 

4.0 

4.0 

Diphenyl odor, oth- 
erwise good 

Very good condition 

Good condition 

Very good condition 

Sta-fresh 860 (8.7 per cent solids) 

Sta-fresh 810 (8.7 per cent solids) 

Brytene 480 AM (8.7 per cent solids) . . . 1 

Sta-fresh 860 (6.2 per cent solids) 

Sta-fresh 810 (5.2 per cent solids) 

Brytene 489 AM (5.2 per cent solids) . . . 

Average values 

4.6 

4.7 

4.7 

6.0 

5.3 

5.4 

28 

27 

27 

22 

17 

16 

15.2 

15.0 

16.8 

14.1 

14.6 

14.7 

14.9 

17.0 

17.0 

16.5 

15.8 

17.1 

16.5 

16.6 

CO I itk. Skiaith Gosb 

1 b bob bob 

00 I 

Good condition 

Very slight shrive!, 
good flavor 

Slight shrivel, spongy 
Slight shnvd, mealy 
Slight shrivel, good 
flavor 

Slight shrivel, fair 

Control 

6.4 

— 

15.9 

17.5 

4.0 

Spongy, fair to poor 
condition 



♦The figures presented for Pliofilm heat stretched were taken after 6 weeks when this treatment 
was terminated owing to loss of one of the samples. 


Discussion of Comparative Effectiveness 
OF Materials Tested 1945 

Table I summarizes the results of the main experiment. At 33 
degrees F it is noticeable that the materials fall into distinct groups 
with respect to their efficiency in controlling moisture loss. 

The most efficient group is made up almost entirely of wrappers 
and includes all those tested (with the exception of Cellophane). The 
second best group is composed of aluminum foil box liners and the 
Cellopliane wrap and the third is made up entirely of waxes. 

The relative efficiency of the materials in percentage is indicated in 
column 3, Table I. 

Pressure test data are subject to the error that comes with increas- 
ing sponginess of the fruit as it loses water. 

Soluble solids were higher with greater water loss. This is probably 
due to concentration of sugars in the less efficient packages. 

No very definite ground color trend is evident. The results as a 
whole indicate that of all the wrappers Pliofilm (heat stretched) 
showed the most promise followed by the aluminum foils and Pliofilm 
(40 gauge). 
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Aluminum foil while very 
efficient as a wrapper is high- 
ly impractical as such, at least 
in such heavy gauges. This 
material shows real promise 
as a box liner. There is an 
indication that such a liner 
should have closed corners for 
maximum efficiency. 

Cellophane has merit as a 
wrapper but is poorer than 
the box liners tested. 

The waxes were the poorest 
of all materials tested. Within 
the wax group Brytene 489 
AM was the poorest. There 
was no very marked difference 
between Sta-fresh 810 and 
860. 

It is important to note that 
while some fruits were more 
palatable than others at the 
conclusion of the season, no 
off flavors were obtained with 
any treatment. 

Results 1946 

This season several of the 
more promising new Cello- 
phane materials were tested as box liners along with aluminum foils. 
These liners were all made in the laboratory from supplies of the 
materials in rolls. Results are presented graphically in Fig. 4. 

The data clearly show that a closed corner liner was superior to an 
open corner type. However, the differences between them are not 
commercially significant. 

It is evident that Lumarith is widely separated from the other 
materials and is the poorest of the liner materials tested. 

Plain aluminum foil (that is, foil with no paper backing) was 
most efficient. It should be noted that a highly objectionable strong 
diphenyl odor present on Kraft backed aluminum foil used in 1945 
was eliminated by the manufacturer in 1946 thus preventing fruit 
flavor contamination. 

Table II gives the result of a test made with a commercial light 
gauge aluminum foil box liner and wrapper. This treatment was set 
up under the same conditions as the rest of the experiment, but a few 
days later and with a later picked lot of fruit. It is evident that such a 
light weight foil gives excellent control over moisture loss indicating 
that heavier gauges are unnecessary for this purpose. However, it 
must be remembered that the lighter materials are more subject to 
puncturing and tearing. 



OCTJO QCT.il NOK! NOV. 10 NOV.. 24 0£C,$ JAN.lt 


Fig. 3. Effect of aluminum foil box 
liners on weight losses in Golden 
Delicious apples during 12 weeks 
storage at 33 degrees F, and 86 
per cent relative humidity (1945). 
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Comparative Effectiveness of Materials Tested 1946 


Table III summarizes the results of the main experiment. These 
data clearly indicate that a closed corner box was best, that plain 
aluminum foil was su- 
perior to Kraft backed 
foil and to all other lin- 
ers tested and that Lum- 
arith was the poorest of 
all as a moisture loss 
control agent. 

Two waxes were check- 
ed this year with Plio- 
film 40 gauge wrap and 
were found to be much 
poorer than the latter. 

All fruits were in good 
condition except in two 
cases (see Table Til) 
where the rating was 
fair. No off flavors were 
encotintered. 

Summary 

In this study a general 
survey was made of the 
relative effectiveness of 
the main types of mois- 
ture loss control agents 
used with apples. It is 
obvious that from the 
multitude of commercial 
materials available only 
a select few from each 
group could be subjected 
to investigation. Therefore 
enumerated below are of 
tested. 

1. The wax emulsions used were the least effective of any group 
of materials tested. 



Fig. 4. Effect of Lumarith, various Cello- 
phanes, and aluminum foil box liners on 
weight losses from Golden Delicious ap- 
ples during 10 weeks of storage at 33 de- 
grees F and 85 per cent relative humidity 
1946). 

it must be pointed out that the conclusions 
necessity limited to the specific materials 


2. Stronger concentrations of solids in waxes, within the range 
examined increased their efficiency. 

3. Heat stretched Pliofilm was the most effective wrapper. It was 
followed closely by .002 inch aluminum foil and a “40 gauge” Plio- 
film wrap. 

4. .002 inch aluminum foil was considered impractical as a wrapper 
owing to its heavy gauge. However, .00035 inch foil proved to be a 
very effective substitute. 

5. A box liner with lapped, sealed coners was more effective than 
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TABLE II— Effect of a “Commercial** .00035 Inch Thick Aluminum 
Foil Box Liner and Wrapper on Golden Delicious Apples After 9 
Weeks at 33 Degrees F, and 85 Per Cent Relative Humidity 


Control 


Treatment 


Water Loss 
(Per Cent) 


Reduction in Water 
Loss (Compared to 
Losses in Control) 
(Per Cent) 


5.16 


.00035 inch 2S-0 alloy aluminum foil liner 1.0 

.00035 inch 2S-0 alloy aluminum foil wrapper I 0.5 


81 

00 


an open corner box. The difference, however, was not commercially 
significant. 

6. .002 inch aluminum foil was the best box liner material tested if 
the corners were sealed. 

7. If the corners were “open’' then aluminum foil with a Kraft 
backing was found to be the superior liner. 


TABLE III — Comparative Effect of Materials Tested 1946 on Golden 
Delicious After 10 Weeks at 33 Degrees F, 85 Per Cent Relative 
Humidity 


Treatment 

Water Loss 
(Per Cent) 

Reduc- 
tion in 
Water 
Loss 1 
Com- 
pared to 
Losses 
in Con- 
trol (Per 
Cent) 

Firmness 

(Pounds) 

Soluble Solids 
(Per Cent) 

Ground 

Color 

Remarks 

.002 inch aluminum foil liner (clojied 
comer) 

0.67 

87 

9.8 

10.3 

2.5 

Slight sweating, good 
condition 

.002 inch aluminum foil on 40 pound 
Kraft liner (closed comer) 

0.74 

83 

9.8 

10.1 

2.5 

Slight sweating, good 
condition 

Pliofilm 40 gauge wrapper 

.002 inch aluminum foil on 40 pound 
Kraft liner (open comer) 

300 MSAT86 Cellophane liner (closed 
comer) 

0.75 

83 

10.7 

10.8 

2.7 

Good condition 

0.77 

82 

9.9 

10.3 

2.4 

Good condition 

0.91 

79 

10.4 

10.5 

2.6 

Slight sweating, 
good condition 

300 Exp. Fild. No. 120 Cellophane liner 
(closm comer) 

0.94 

77 

10.2 

8.4 

2.7 

Heavy sweating, 6at 
taste good C(;ndi- 
tion 

300 MSAT86 Cellophane liner (open cor- 
ner) 

1.15 

73 

9.8 

10.3 

2.5 

Heavy sweating, 
good condition 

300 Exp. Pild. No. 120 Cellophane liner 
(open corner) 

1.25 

71 

9.9 

10.9 

2.5 

Heavy sweating, 
good condition 

Average values 

— 

— 

10.0 

10.2 

,2.6 

Lumarith liner (closed corner) 

3.3 

23 

10.0 

10.4 

2.7 

Good condition 

Sta<fresh 860 (9 per cent solids) 

Lumarith liner (open comer) 

3.35 

22 

10.2 

10.5 

2.7 

Good condition 

3.55 

17 

9.7 

10.5 

2.6 

Good condition 

Sta-fresh 860 (6 per cent solids) 

4.0 

7 

10.0 

10.8 

2.6 

Fair condition, a lit- 
tle spongy 

Average values 

— 

— 

10.0 

10.6 

2.7 

Control 

4.3 


11.2 

10.4 

2.7 

Good condition, 

I slight shrivelling 


8. A “light” (.00035 inch) gauge aluminum foil was found to be 
as effective as a heavy (.002 inch) gauge in controlling moisture 
losses. 

9. Little difference of commercial significance was found between 
the various Cellophanes tested. 

10. Lumarith was found to be a very brittle, easily cracked material 
and was only slightly more effective than wax emulsions. 
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Further Studies on Sprays Containing 2,4-Dichloro- 
phenoxyacetic Acid> and Some Related Compounds, 
for Reducing Harvest Drop of Apple 

By C. P. Harley, H. H. Moon, and L. O. Regeimbal,^ 

U. S, Plant Industry Station, Beltsville, Md, 

F rom experiments conducted in 1945 it was reported (2, 3) that 
sprays containing 10 parts per million of 2,4-dichlorophenoxy- 
acetic acid were highly effective in reducing fruit drop of Winesap 
and Stayman Winesap apple, and that the period of effectiveness 
extended over a relatively long time. Some other varieties, including 
Oldenburg, McIntosh, Delicious, York Imperial, and Golden De- 
licious, failed to show response to this chemical. 

Studies were continued in 1946 to obtain additional information on 
the apparent varietal selectivity of 2,4— D and the response of certain 
varieties to other closely related compounds. 

Materials Used 

2,4-dichlorophenoxyacetic acid (hereinafter written 2,4~D acid) 
crystals were dissolved in a small quantity of ethyl alcohol and added 
directly into the spray tank, pouring the material slowly into the 
water while the agitator was running. 

Sodium 2,4~dichlorophenoxyacctate (sodium salt) and ammonium 

2,4-dichloroj)henoxyacetate (ammonium salt) were first dissolved in 
a small amount of water and added to the tank as described above. 

Butyl 2,4-dichlorophenoxyacetate (butyl ester) was dissolved in a 
light miscible oil. 

Triethanolamine 2,4-dichlorophenoxy acetate (triethanolamine 
salt) was formulated by dissolving 2,4— D acid in a slight excess of 
triethanolamine and warming gently. 

Weedone, a commercial weed killer, purchased July 1945 in Wash- 
ington, D. C. 

Bordeaux mixture (2-4-100) was prepared in the spray tank, and 

2,4-D acid, dissolved in alcohol, was added after thorough mixing 
and during agitation. 

Carbowax 1500 was liquefied by heat and dissolved in water. 

Results 

Experiments on varietal selectivity, conducted on Williams, Olden- 
burg, McIntosh, Summer Ranibo, Jonathan, Rome Beauty, York 
Imperial, and Arkansas (Black Twig), resulted generally in nega- 
tive response to 2,4-D acid and the salts and esters. Sprays with 
concentrations as high as 50 parts per million applied to McIntosh, 

^Senior Physiologist, Associate Pomologist, and Associate Plant Physiologist, 
respectively, Division of Fruit and Vegetable Crops and Diseases, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, Agricultural Research Ad- 
ministration, U. S. Department of Agriculture. 

Grateful acknowledgment is here made to P. C. Marth for supplying several 
of the growth substances, and to D. J. Nordwall for assisting in the application 
of sprays and obtaining records. 
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Summer Rambo, and York Imperial were ineffective in significantly 
reducing fruit drop. \Yith 10 and SO parts per million of 2,4~D acid 
and witibi the same concentrations of the sodium salt there was a sli^^ht 
reduction in drop of McIntosh up to September 5, but beyond this 
date the drcm approached that of the unsprayed. One plot of Jonathan 
sprayed with 10 parts per million of 2,4-D acid showed a significant 
reduction in drop; however, owing to the limited number of trees 
involved, and since none of the esters and salts followed a similar 
pattern, this variety probably cannot at this time be considered as 
responsive. 

The apparent highly selective action of 2,4~D acid and related com- 
pounds was further emphasized in the experiment with the Arkansas. 
Although generally considered to be a seedling of Winesap, convinc- 
ing evidence obtained this year showed that none of the 2,4-D sprays 
reduced harvest drop of this variety. Ninety Arkansas trees were 
included in this test. 

Stayman Winesap : — The relatively long period of effectiveness of 
2,4-D on responsive varieties has been pointed out (1, 2, 3). Sprays 
applied during the summer of 1946 to Stayman Winesap trees further 
confirm these observations. Tn Table I the accumulated percentage of 
drop for trees sprayed on July 24 indicates good effectiveness when 
applied at this very early date. Similar trees sprayed August 23, how- 
ever, dropped less than one-half as many apples as those sprayed 
July 24. The normal harvest date in this orchard would have occurred 
between October 9 and October 16, and during this period good prac- 
tical drop prevention was obtained with either spray, although July 
24 was apparently too early for the most efficient results. This experi- 
ment was not concluded until the unsprayed trees had dropped prac- 
tically all fruits, and yet there was no indication that the hormonal 
effect had “run out” on those receiving the spray. 

TABLE I — Relation Between Time of 2,4-D Spray Application and 
Fruit Drop Reduction on Stayman Winesap Trees 


Treat- 

Date 

Spray- 

Applied 

Concen- 

tration 

(Ppm) 

Accumulated Percentage of Fruit Drop 

ment 

Sep 13 

Sep 26 

Oct 2 

Oct 9 

Oct 16 

Oct 23 

Oct 25 

Nov 5 

2.4-D acid 
2.4-D acid 

T T«i iMwl 

July 24 
Aug 23 

10 

0,5 

0.1 

9 9 

2.3 

04 

K O 

7.0 
3.4 
11 a 

9.8 

3.9 
10 n 

13 9 
5.9 

41 S 

18.9 

7.4 

AO 7 

23 1 
8.9 

7ft A 

42.8 
21 1 
04 O 


To determine the value of compounds closely related to 2,4— D acid 
as sprays to reduce harvest fruit drop, 95 Stayman Winesap trees 
were selected and divided into eight plots of 10 trees each, with the 
remaining 15 trees as unsprayed controls. The first spray application 
was made August 29. One hour after the spraying was completed, 
about .5-inch of rain fell. In order to evaluate the possibility of re- 
duced intensity by the rain, another application of spray was made 
September 11 on five trees of each treatment, with the exception of 
the sodium salt. The average accumulated percentages of drop for 
trees receiving only one spraying and for trees receiving the repeat 
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Fig. 1. Average accumulated percentages of 
fruit drop for Stayman Winesap trees 
sprayed with 10 parts per million solu- 
tions of 2,4-D compounds on August 29, 
one hour before a heavy rain. 


application are shown in 
Fig. 1 and Fig. 2, re- 
spectively. These curves 
indicate: (a) The heavy 
rain following spray ap- 
plication reduced the in- 
tensity of all compounds 
except the butyl ester. 
Evidence obtained in 
other experiments pre- 
cludes the possibility of 
other influences, such as 
time of application and 
doubled concentration, as 
being operative in the 
greater intensity of the 
repeat application. The 
most severe reduction in 
efficiency by rain oc- 
curred in plots sprayed 
with 2,4— D acid and 
those receiving2,4-D acid 
plus 2-4—100 bordeaux 
mixture, (b) All. com- 
pounds used in this test 
were highly effective in 
reducing fruit drop of 
Stayman Winesap. The 
lowest intensity was 
found where 2,4— D was 
combined with bordeaux 
mixture, and the highest 
intensity of all com- 


pounds was that of the butyl ester. In fact, the butyl ester spray re- 
duced drop to a greater degree than any material yet tested in our 
experiments. On the basis of intensity alone, however, the butyl ester 
cannot be recommended for commercial orchard spraying at this time, 
for it was noted at harvest that the fruit on trees sprayed with this 
compound showed a pronounced advance in maturity. The average 
pressure test of apples from trees sprayed with butyl ester was 13.3 
pounds, as compared with 14.7 pounds for the unsprayed fruits. Also 
water core was present in 50 per cent of the fruits sprayed with the 
butyl ester, in contrast to none in the unsprayed. Advanced fruit 
maturity was not observed in any of the other plots. 


The relatively long period of effectiveness of 2,4-D in reducing 
fruit drop of Stayman Winesap and Winesap varieties offers the 
possibility of incorporating this growth substance with late summer 
fungicidal and insecticidal sprays. A combination of 10 parts per 
million of 2,4-D acid and bordeaux mixture 2-4-100 was used to 
spray a Stayman Winesap orchard July 29. The results of this treat- 




HAELEY, MOON, AND REGEIMBAL: HARVEST DROP 


41 


ment are graphically shown in Fig. 3. Although the data do not evi- 
dence the intensity of effect generally obtained with 2,4~D, this can 
be accounted for by an analysis of existing evidence and an explanation 
of circumstances attending the experiment. In addition to a possible 
reduction of intensity by the bordeaux and the early date of spray 
application, a very severe windstorm occurred on October 12, having 
an average wind velocity of about 30 miles per hour for a period of 6 
hours and attaining estimated velocities of 50 miles per hour at fre- 
quent intervals. Under these conditions the spray prevented the drop 
of an average of 8.8 bushels per tree, with an average total crop of 
32 bushels per tree. 


Laboratory Test to Evaluate Varietal Response to 2,4-D Acid 


The highly selective action of 2,4-0 compounds in delaying fruit 
abscission for certain varieties of apples and not for others suggests 
the possibility that other untried growth-regulating substances may 
exert a similar influence on varieties that have shown little or no 
response either to naph- 
thaleneacetic acid or to 
2,4-D sprays. A simple 
technique that would 
give a quick test of these 
substances would con- 
tribute materially to re- 
dticing the time and the 
cost required for orchard 
trials. 

Late in the summer of . 

1946, some preliminary * 
studies were made on | 
varietal response to 2,4- * 

D acid by treating cut | 
petioles of terminal I 
shoots with the growth * 
substance. The terminal | 
shoots were cut from the ^ 
tree and placed in water 
containers in the labora- 
tory. Leaves were re- 
moved by cutting through 
the petioles, leaving about 
12 millimeters of the stub 
attached to the shoot. 

Two terminal leaves were 
not removed. One half 



of the shoots received 
2,4-D acid either by 
spraying a water solu- 
tion of 10 parts per mil- 
lion concentration on the 


Fig. 2. Average accumulated percentages of 
fruit drop for Stayman Winesap trees 
sprayed with 10 parts per million solu- 
tions of 2,4-D compounds on August 29 
one hour before a heavy rain, followed 
by another application September 11. 
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Fig. 3. Accumulated percentage of fruit drop and the average number of 
bushels of apples prevented from dropping from Stayman Wincsap trees 
sprayed with 10 parts per million solutions of 2,4-D acid in bordeaux mix- 
ture 2-4-100. Spray applied July 29, 1946. 

cut surface of the petioles or by placing a drop thereon. The remain- 
ing shoots were untreated. Records were taken on the time required 
for the cut petioles to abscise. 

The first samples were collected September 18 and consisted of 
terminal shoots, approximately 35 centimeters in length, of Stayman 
Winesap, York Imperial, and Rome Beauty. Eight days later abscis- 
sion of petioles began on all control and 2,4~D-treated shoots of York 
Imperial and Rome Beauty, and abscission was complete on October 
7, Petioles of Stayman Wincsap treated with the 2,4-D acid, on the 
other hand, remained green and firmly attached for 101 days. 

Fig. 4 illustrates the condition of these shoots at the end of 101 days 
in the laboratory. 

Another experiment, including the varieties Rome Beauty, De- 
licious, Winesap, Stayman Winesap, Golden Delicious, York Im- 
perial, and McIntosh, was initiated October 8, Total abscission had 
occurred on all controls and all 2,4-D-treated varieties except Wine- 
sap and Stayman Winesap by November 4, or 27 days after the ex- 
periment was started. Petioles remained firmly attached to 2,4-D- 
treated Stayman Winesap and Winesap shoots for 63 days. A higher 
intensity of effect on these two reactive varieties would probably have 
resulted if samples had been taken earlier in the season. 

The responses to 2,4-D acid obtained by this laboratory method 
with petioles were identical with those from orchard sprapng to pre- 
vent fruit drop of these same varieties ; and, while further studies are 
necessary, this method of evaluation offers promise of being helpful 
in future work on varietal response to growth substances. 
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Fig, 4. Effect of spraying 10 parts per million solutions of 2,4-D on cut 
petioles of Stayman Winesap, a reactive variety, and Rome Beauty and 
York Imperial, nonrdtictive varieties. Stayman Winesap shoot at right had 
two petioles treated with cotton saturated with a 10 parts per million 
solution of 2,4-D acid Note abscission of petioles above and below the 
two receiving 2,4-D acid Photographed 101 days after treatment. 

Summary 

Preharvest sprays containing 10 parts per million of 2,4--dichlorO“ 
phenoxyacetic acid have for two consecutive years shown high inten- 
sity and a long period of effectiveness in reducing harvest drop of 
Stayman Winesap and Winesap apples. 

Some salts and esters of 2,4-dichlorophenoxyacetic acid were high- 
ly effective in reducing fruit drop. The butyl ester showed the highest 
intensity, but this compound caused serious advance in fruit maturity 
at harvest. 

The intensity of most 2,4-D compounds was reduced significantly 
when a heavy rain occurred about 1 hour after the sprays were ap- 
plied. 

Combined with a late-summer Bordeaux spray, the effectiveness of 
2,4-D acid was apparently somewhat reduced, although this spray 
prevented the drop of 8.8 bushels per tree on trees bearing a total 
crop of 32 bushels per tree, in comparison with similar unsprayed 
trees. 

A laboratory test to evaluate varietal response to 2,4-D acid is 
described. 
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Chromosome Numbers of Apple Varieties and Sports^ 

By John Einset and Barbara Imhofe, New York State 
Agricultural Experiment Station, Geneva, N, Y. 

T o determine if they might be polyploids, cytological studies have 
been made of apple varieties not previously reported in the litera- 
ture, of varieties in certain instances where discrepancies have oc- 
curred in reports of their chromosome numbers, and of sports of 
varieties, especially large-fruited ones. 

Methods 

Apples are poor cytological material, the chromosomes are small, 
meiotic stages are not easily located, and preparations are rather 
difficult to interpret. For this reason somatic mitoses in buds were 
studied instead of meiotic figures. Branches were collected in late 
February and early March and placed in water in a heated green- 
house. After 2 to S days in the greenhouse leaf or flower buds were 
fixed in CRAF (13). Care was taken to remove the bud scales, the 
outer leaves, most of the hairs, and the woody tissue attached to the 
bud. The trimmed bud was then plunged into the fixing solution and 
the air exhausted with an aspirator. These precautions assured rapid 
penetration of the fixing agent. After imbedding and sectioning, the 
material was bleached and stained in Crystal Violet. Good somatic 
mitoses were most abundant in young leaves and in developing flower 
parts, especially in anther and ovary walls. 

Materials 

The materials for the present study were collected from the Agri- 
cultural Experiment Station orchards in Geneva, New York, with 
only a few exceptions as indicated in Table I. The locations of the 
trees from which materials were taken are given in the table; the 
figures indicate orchard, row and tree number respectively. It seems 
highly important that the exact source of cytological material should 
be given in order that the same individual may be referred to in the 
future if the occasion should arise. In this way we have a living her- 
barium of the plants studied. 

Observations 

In Table I the varieties are grouped according to their chromo- 
some number; first, the diploids with 34 chromosomes in somatic 
cells; second, the triploids with 51 chromosomes; and third, a num- 
ber of periclinal chimeras made up of diploid and tetraploid parts. 
The present location of each variety and the original source of trees 
or scions, including the year of original accession, is given. Some 
minor notes are also included in the table. Those cases which merit 
further discussion will now be considered. 

Pollen Germination: — A number of apples were examined that had 

^Journal Paper No. 697, New York State Agricultural Experiment Station, 
Geneva, N. Y., January 23, 1947. 
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KINSST AND IHHOFE: CHStOMOSOME NUMBERS 



Chimtras 

Jonathan Sport W. J. Wdday, Smithfield, Ohio 1932 21-5-18 Large-fruited Jonathan 

“Giant” Ri^e H. S. Loop, North Bast, Pa. 1931 21-15-9 Large-fruiti Itome. 

“Giant” Sp y H. S. Loop, North East, Pa. 1931 21-15-11 Large-fruited ^y, 

•*Large” Wealthy J. R. Stevenson, Cayuga. N. Y, 1938 17-16-11 Large-fruited Wealthy. 
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shown, in tests in 1936, the poor pollen germination characteristic of 
triploids. Blue Pearmain, Chenango and Sutton were found to be 
diploids with 34 chromosomes in somatic cells. Regmalard, Turley 
and Washington Strawberry were triploids with 51 chromosomes. 

Turley : — It is worthy of note that Turley, in addition to Arkansas 
and Stayman Winesap, is a triploid. These three varieties are all 
thought to be seedlings of Winesap, a diploid parent. It is unlikely 
that triploids should occur with an unusually high frequency in seed- 
lings of Winesap and yet three such seedlings have been selected and 
propagated as varieties. No diploid seedlings of Winesap have to our 
knowledge become commercial varieties. 

Close : — This triploid apple is an early variety ripening with or 
slightly ahead of Yellow Transparent. Most triploid apples ripen late 
and have good storage qualities (7). 

Hihcrn ^: — The material was kindly supplied by T. J. Maney of 
Iowa State College in 1944. Professor Maney wrote that the variety 
was found to be triploid in work done at Iowa. This report is merely 
a confirmation of that work. 

Stark : — Roscoe (14) reported that Stark was triploid with ®^/2 
chromosomes from meiotic counts. Newcomer (12) studied four 
strains of Stark including: 1. '‘Normal'’ Stark; 2, No. 382, a red- 
fruited sport; 3. No. 179, another red-fruited sport; and 4. No. 287, 
a russeted sport. These four strains were each reported to have a 
chromosome number of 42, or 21 pairs as determined from metaphase 
and anaphase stages of meiosis. No observations were made of so- 
matic mitoses, Swanson and Gardner (16) made a study of one qf 
these sports. No. 287 (the russeted fonn), branches of this sport that 
reverted to the original Stark type, and branches of “Normal” Stark. 
In their study the smear technique was used and meiotic chromo- 
somes were studied for the most part. Stark and several additional 
strains of Stark examined were found to have 42 chromosomes in 
agreement with Newcomer (12). However, the russeted sport (No. 
287) was found to have a complement of 51 chromosomes as deter- 
mined at metaphase I and anaphase I of meiosis. This is not in agree- 
ment with NewcomePs report for this sport. A single branch showing 
a complete reversion to the parental type had 42 chromosomes. 
Branches showing partial reversion had 51 chromosomes except one 
which had reverted more decidedly in the direction of the original 
Stark. This branch had a somatic complement of 46 chromosomes in 
cells of the tapetum (16, Figure 5D). 

Chromosome counts of a number of strains of Stark have been 
made (Table I) and in all cases the somatic chromosome number was 
determined to be 51, in agreeiuent with Roscoe ( 14), but not in agree- 
ment with the other workers cited. Chromosome counts were made of 
Stark originally accessioned in 1888 and of three red-fruited sports 
of Stark from different sources (Fig. 1, A and B). In addition, 
chromosome counts were made in a number of the sports studied at 
Michigan and kindly sent to this Station in 1945 by Director V. R. 
Gardner. The red sports Nos. 179 and 382, reported by Newcomer 
to have 42 chromosomes, were found to have 51 chromosomes in the 
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Fig. 1. A, Red Stark, 17-S-18, somatic metaphase from anther wall. B, 
Miami (Red Stark), metaphase from leaf parenchyma. C, Stark No. 379, 
metaphase from leaf parenchyma, x c. 3300. 


material examined. Another red sport, No. 372, was also found to 
have 51 chromosomes (Fig. 1, C). Buds from scion wood labelled 
No. 287 Revert, reported to have 42 chromosomes (16) proved upon 
examination to have SI chromosomes. 

The disagreement in reports of chromosome number in strains of 
the Stark apple is most confusing. Newcomer (12) suggested that 
errors due to technique and interpretation may possibly account for 
some of the discrepancies in various reports dealing with apples. Cer- 
tainly meiotic stages are most difficult to interpret in the material. 
We would also suggest that somatic stages may be difficult. If the 
somatic metaphase from tapetal tissue in Fig. SD of Swanson and 
Gardner's paper is studied and compared with our Fig. 1, it will be 
seen that in several instances the chromosomes are out of proportion 
in length. They could easily be interpreted to be two chromosomes, 
with adjacent or overlapping ends. From the illustration and with this 
fact in mind the figure could be interpreted as having 51 chromosomes 
instead of 46. 

Chimeras : — A number of large-fruited sports of different apple 
varieties have been examined cytologically. Four of these sports have 
been found to be periclinal chimeras with one or more layers of diploid 
cells covering a tetraploid central portion in the stem apex. 

Giant” Spy : — In this sport the stem apex consists of a two-layered 
surface of diploid cells covering a tetraploid central portion. The pith 
and most (perhaps all) of the vascular tissue of the stem is tetraploid. 
The anthers and ovules develop from the diploid cell layers and con- 
sequently this form acts like a diploid in its breeding behavior (4). A 
study of the leaf development in Giant Spy has been initiated (1). 
The petiole is largely tetraploid. The diploid portion of the “cortical 
area" varies from 2 to 10 cells in width. The stipules contain tetra- 
ploid veins but surrounding parenchyma is diploid. In the blade all 
principal veins and many smaller veins have been identified as tetra- 
ploid. The parenchyma and epidermis are diploid. 

"‘Large” Wealthy : — Six leaf buds of this sport have been studied. 
Several hundred cells in which chromosome counts could be made 
have been examined. Cells with the diploid number of chromosomes 
have been found only in the epidermal layer of the stem apex, petioles. 
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stipules and leaves. In every instance where a dividing cell has been 
observed in a tissue other than the epidermis, this cell has been tetra* 
ploid. Apparently a single layer of diploid cells covers a tetraploid 
central portion in the stem apex. The breeding behavior of this sport 
has not yet been studied but it will probably behave like a tetraploid. 

Giant*' Rome: — Only a limited number of observations have been 
made to date ; two leaf buds and several flower buds have been ex- 
amined. It is probable that three layers of diploid cells cover the tetra- 
ploid central portion in the stem apex. Tetraploid cells have been 
observed in the pith and in the vascular tissue of the stem, in vascular 
bundles at the base of petioles or leaves and occasionally in ovary 
walls. 

Jonathan Sport' — Five leaf buds of this sport have been examined. 
There are probably two or more layers of diploid cells covering tlie 
tetraploid central portion in the stem apex. The pith is tetraploid and 
the vascular tissue of the stem is tetraploid. Tetraploid cells have been 
found in bundles leading into leaf bases and in the vascular tissue of 
the petioles. A layer of tetraploid parenchyma surrounds the veins in 
the petioles and apparently extends up into the leaves. 
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Histogenesis of Some Bud Sports and Variegations 

By Haig Dermen, U, S, Plant Industry Station, Beltsville, Md, 

R ecent studies on colchicine-induced forms of datura (8, 9, 10), 
cranberry (4, 5), and peach (unpublished) have brought out some 
facts that indicate the tissue complex that may be involved in such 
bud sports (somatic mutations) as color sports, giant fruit sports, and 
gross chlorophyll variegations. When colchicine was applied to the 
cranberry, various types of periclinal and sectorial — confined to one 
layer, or mericlinal, in the sense used by Jorgenson and Crane, (7) — 
cytochimeral branches resulted. Rarely were there found branches 
that were uniformly polyploidized throughout. The mechanism under- 
lying such developments in cranberry has previously been described 
(4, 5), so that only such phases of that study as are considered to be 
pertinent to the present discussion will be referred to here. 

The fact that colchicine treatment of plants has resulted in peri- 
clinal polyploid chimeras is evidence that probably growth of shoots in 
all angiospemis is never from either a single cell or a single group of 
terminal initial cells, but rather from a number of distinct cell layers 
at the very summit of the shoot apex. 

In contrast, in some lower plants shoot growth is from a single ter- 
minal initial cell which is distinguishable by its large size and tetra- 
hedral shape. In the root tips of such plants there is a similar terminal 
cell that gives rise outwardly to the root cap and inwardly to the root 
proper. It would appear that in such plants, since the whole growth is 
from a single cell, neither periclinal nor sectorial chimeras could de- 
velop. If a mutation did occur in the terminal cell of such a plant, its 
effect would involve the entire growth from that terminal cell. 

In such gymnosperms as have been studied by conventional meth- 
ods [Foster (6) and others] the shoot appears to develop from single 
cells or a group of cells at the shoot apex. Here there is apparently no 
formation of cells into distinct layers as in the angiosperms, on the 
basis that cell division at the summit of the shoot apex is at random in 
all planes. Therefore, in the gymnosperms also no periclinal chimeral 
forms should appear, though it would be possible for true sectorial chi- 
meras to occur that would extend from the epidermis of the stem into 
the very center of the pith. Such chimeras would be similar to the sec- 
torials induced by X-radiation in the roots of Crepis capillaris and 
Vicia faba by Brumfield ( 1 ) , for in the roots the primary histogenic 
region is under the root cap. This region is comparable to layer III 
of the shoot apex in cranberry and other angiosperms, in which layer 
the cells divide at random in all planes. Chromosomal changes induced 
in the roots by X-radiation were found by Brumfield to occur in 
‘‘wedge-shaped sectors, including root cap, epidermis, cortex, and 
central cylinder*'. Brumfield has suggested that “the whole root de- 
velops from but few cells, possibly three, at the extreme tip of the 
root**. The sectorial nature of the induced chromosomal changes in 
the roots is explained thus : “Since chromosome ab errations induced 
by X-radiation apparently occur improbable 
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that rearrangements involving similar lengths of the same chromo- 
somes should occur in two adjacent cells*^ Fundamentally this con- 
cept concerning the mechanism involved in the development of the 
sectorial chimeral forms observed in the roots after irradiation is in 
agreement with the occurrence of mericlinal (a sectorial confined to 
one layer) forms in colchicine-treated cranberry plants. However, the 
results in cranberry showed (4) that there could not be a fixed 
number of three central cells in each layer, but that this number might 
be one or two as well as three. Therefore some irradiated roots should 
have shown certain chromosomal changes throughout; and in some 
roots half of the root only should have been affected. Some of the 
drawings shown by Brumfield (Fig. 2 and 3, and possibly 6 and 9) 
may be interpreted on the basis just indicated. 

There are many indications that the shoot apex of the angiosperms 
is more complex than that of the gymnosperms. The complexity in 
this group appears to have been first indicated by the development of 
graft chimeras in solanaceous plants by Winkler (12, 13), Jorgenson 
and Crane (7), and possibly many others since. Graft chimeras must 
appear through adventitious buds formed on the very border line of 
union between the two grafted plants. It is most probable that in such 
a bud development, where an epidermal tissue alone is from one plant 
and the inner tissues are from the other, only a single layer of cells 
would have come from one of the plants. In some graft-chimeral forms 
where more than the epidermal tissue is from one plant and the re- 
maining tissues are from the other, only two adjacent layers of cells 
would have come from one of the plants, for it would be most im- 
probable to find a graft chimera where a tissue derived from one of 
the plants would be located between two tissues from a second plant. 
Parenthetically, it may be suggested that the occurrence of graft 
chimeras would be limited to plants in which adventitious buds may 
readily form at the union of the two grafted plants. In plants, especial- 
ly those of woody structure, where adventitious buds do not readily, 
or never, form, the occurrence of graft chimeras would be unlikely or 
impossible. Reported graft chimeras in some woody plants (11) were 
perhaps periclinal forms of chimeras occurring naturally by some 
somatic mutation. 

There are innumerable so-called bud sports, many of which are 
undoubtedly of chimeral nature. If the chimeral condition exists in the 
shoot apex these forms are in general self-perpetuating. Furthermore, 
the condition responsible for such a sport is most probably confined 
to a single layer in the apical meristem. This supposition is based on 
the high probability that a mutation may occur in only one layer at a 
time in a given region, as it is most intprobable that a certain mutation 
should occur simultaneously in more than one of a homologous pair 
of chromosomes, or in two adjacent cells in either a horizontal or a 
vertical plane in the apical meristem. 

On the basis of these presumptions and of observations on colchi- 
cine-treated plants, the following conclusions can be safely drawn: 
(a) If a mutation occurred in L-F in the apical meristem of a given 

^L-I, L-II and L-III refer to apical layers in the shoot apex (5). 
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plant, the effect of such a mutation would be expressed through the 
tissue that is derived from L-I, hence it would be primarily of epider- 
mal nature. Such a mutation may also be expressed in the internal tis- 
sues when occasionally a part of the internal tissue, or in very rare 
instances the whole of the internal tissue, of any particular organ is 
derived from L-I. 

(b) If a mutation occurred in L-II, the stem tissue most likely to 
be affected would be either the hypodermis, as in cranberry, or the 
external portion of the cortex, as in peach ; or it may even in certain 
instances extend farther into the cortex and into the stele and pith, 
as in both cranberry and peach. In the leaves the effect of a mutation 
originating in L-II may be expressed mostly marginally, extending 
inwardly in various depths, depending upon what proportion of and 
to what extent the inner tissue in different areas in the leaf is de- 
rived from L-II. When the entire internal tissue is derived from I^II, 
then a mutation in L-II will involve that whole tissue. The above 
situations very probably prevail in the fruits and other organs of the 
flower just as in the leaves. Sporogenous tissue of the anthers is 
usually derived from L-II. However, if we consider histogenesis in 
the anthers to be similar to that of the stem or the leaf, then at times 
some parts of the sporogenous tissue in the anthers of a chimeral 
plant may be derived from I^II and some parts from L-III, resulting 
in an unexpected mixture of pollen grains. 

(c) In the stem, L-III may give rise to part or all of the cortex 
(except the hypodermis, as in cranberry, and except the outer cortex, 
as in peach) and to the stele and pith. In the fruit, the central portion 
of the fleshy wall may be derived from L-III, or the whole fleshy part 
of the fruit may be derived from L-III, except two marginal layers of 
cells that will be derived from L-I and L-II. In other cases the fruit 
development may follow the same process as in the leaves and stems, 
as presented above. 

Taking the developmental phases above sketched as somewhat basic, 
it may be possible to unravel some of the complicated patterns ob- 
served in bud sports, such as color sports of apples and sports affect- 
ing size or shape of fruits, and in variegation in leaves of some plants, 
and explain the histogenic processes involved in such somatic expres- 
sions. 

There appears to be a striking similarity between the development 
of the variegation patterns in the leaves of some species of plants and 
the devolpmental pattern in the leaf of cranberry, as indicated by the 
studies on the cytochimeral forms. Because the variegation patterns 
may be clearly seen and can be examined microscopically as well, some 
details concerning variegation will be presented first as illustrations 
of what histogenic processes are probably involved in other somatic 
mutations, such as bud sports of fruits. 

Special study was made of green and colorless patterns of variega- 
tion in leaves of some dicot and monocot plants. The dicots included : 
Euphorbia pukherrima (poinsettia), Citrus sinensis (orange), Ligus- 
trum vulgar e (privet), Euonymus japonicus var. mediopictus (spin- 
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Fig. 1. Vanegated leaves of Euphorbia, A, Upper surfaces of five leaves. 
Typically vanegated leaves are marginally colorless and centrally green. 
The central area is composed of sharply defined shades of green: dark 
green, light green, and occasionally very light green. Very intense green 
colorations occasionally are found on some leaves. This appears on the 
upper left side of the first leaf. About three*fourths of the mutilated leaf 
is of the intense-green coloration. 
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die tree), and Vitis (grape) of the Euvitis group. The monocots in- 
cluded: Sansevieria trifasciata var. laurentii (Congo Snake Sanse- 
vieria), Pandanus veitchii (Veitch's screwpine), and Dracaena war^ 
neckii (dracena). 


Variegations in Dicots 

Euphorbia pulcherrima (poinsettia) : — Fig. lA shows the upper 
surfaces of five poinsettia leaves and Fig. IB the lower surfaces of the 
same leaves arranged in the identical order of Fig. lA. In the varie- 
gated leaves of poinsettia, viewed from the upper surface, there were 
found mostly two distinct green color intensities, dark green and light 
green, each sharply defined into various patterns. The margins of four 
leaves of poinsettia shown in Fig. lA lack color completely, and in 
one leaf about three-fourths is colored and one-fourth is colorless (the 
colorless portion of this last leaf was already mutilated on the plant 
when discovered). In addition to such leaves as are shown in Fig. 1, 
occasional leaves are completely colorless. A bright dark green shade 
of coloring is showm in the upper left corner of the smallest leaf and 
on three-fourths of the mutilated leaf in Fig. lA. Bright-green colored 
patches also occur, though very rarely, over the centrally colored area. 
The other two shades of green, those most common in poinsettia, can 
ht seen in the marginally colorless leaves. The most dominant colora- 
tion was a dull dark green, generally located centrally, and a lighter 
shade of green that was mostly marginal to the dark-green coloration, 
but in some cases the latter extended to the midrib of the leaf. Oc- 
casionally there was also a much lighter shade of green coloration on 
some leaves. This can be seen in the lowermost right side of the largest 
leaf, near the petiole, in Fig. lA. Usually, however, there were only 
two distinct shades of green on the upper surface of the leaves, dull, 
dark green and light green. There were also two shades on the lower 
surface of the leaves, shown in Fig. IB. The lightest shade of colora- 
tion on the lower surface was found on the smallest leaf in the position 
of the darkest green of the upper surface shown in Fig. lA. A simi- 
larly very light coloration was found on the left side of the lower 
surface of the mutilated leaf in Fig. IB. 

The portions showing the different intensities of color in the poin- 
settia leaves were examined microscopically by cutting freehand tran- 
sections. The aggregate result of this examination is presented 
diagramatically in Fig. 2. In transection the poinsettia leaf is shown 
to be six to eight layers of cells in thickness, including the two epi- 
dermal layers. Of this number, one layer is the palisade and three to 


B. Lower surfaces of the same five leaves arranged in the same order. The 
colored areas are of the same general pattern as on the upper surfaces of 
the leaves, but the shades of coloration in some areas vary from the cor- 
responding areas observed on the upper surfaces. The back of the intense- 
green area on the first leaf shows a very light-green coloration. On the 
mutilated leaf the portion on the damaged side is of light-green coloration. 
On the darker green half of the mutilated leaf a portion is of a lighter 
shade of the green. The sipfnificance of the latter shading and of others is 
indicated by the diagrams in Fig. 2. 
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five layers, most commonly three, make up the spongy tissue. In the 
normal leaves the guard cells in the epidennis and the cells of the 
palisade and spongy tissue contain chloroplasts. In the variegated 
leaves, ordinarily, in the green portion chloroplast development was 
confined to the two layers of cells of the spongy tissue beneath the 
palisade layer. The guard cells in all portions of the variegated leaves 
contained small chloroplasts. Only rarely were chloroplasts found in 
the cells of the palisade and in the layer of cells of the spongy tissue 
next to the lower epidermis. The histological significance of such a 
development will be discussed further on. 

As was pointed out above, the green coloration in the variegated 
leaves was generally confined to the central portion of the leaves, and 
marginally the leaves were mostly colorless. In the green area there 
were mostly two color tones, dark green and light green. Where the 
intensity of color was dark green, this was found to be due to the 
presence of chloroplasts either in the uppermost spongy layer alone or 
in the two uppermost spongy layers. Where the color was a lighter 
shade of green, chloroplasts were present in the middle layer of the 
spongy tissue alone. Slight variations from the two intensities of 
coloration occurred when the number of spongy layers was more than 
three. The darkest green coloration in the smallest leaf in Fig. lA 
was due to the presence of chloroplasts in only the palisade layer (left 
side in Fig. 2A). When in very rare cases such a brightly green 
coloration appeared over a centrally green coloration, chloroplasts 
were found in the palisade cells and in the middle layer of cells of the 
spongy tissue ; chloroplasts were conspicuously lacking in other 
spongy layers of cells (right side of Fig. 2A). In the marginal area 
of the mutilated leaf, chloroplasts were found in all layers of cells. On 
the back of this leaf (lower surface view) the slightly lighter colored 
area on the right side of the midrib was due to the presence of chloro- 
plasts in only one layer of the spongy tissue next to the epidermis and 
in the palisade layer over that portion. Where the color in the back 
of this particular leaf was the lightest, the spongy layer next to the 
epidermis was without chloroplasts, but chloroplasts were present in 
the upper two layers of spongy tissue and in the palisade layer. The 
details of the internal microscopic structure of this leaf are presented 
in the diagram in Fig, 2B. 

Citrus sinensis (orange) : — ^What has been described for the varie- 
gated poinsettia leaves was basically the same in the variegated leaves 
of the orange. In the orange leaves, however, there were more shades 
of sharply defined green coloration, viewed from both the upper and 
lower surfaces of the leaves (Fig. 3 A and 3B, respectively) than in 
the leaves of poinsettia. This was found to be due to the fact that in 
the orange leaves (Fig. 4) there were two palisade layers of cells and 
from 10 to 12 layers of cells in the spongy tissue, as indicated dia- 
gramatically in Fig. 4, whereas in the poinsettia leaves there was only 
one layer of palisade cells and usually three layers of cells in the 
spongy tissue. In the variegated orange leaves there were no areas 
where chloroplasts could be found in either the upper palisade cells 
or in the lowermost layer of cells of the spongy tissue next to the lower 
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epidermis. In the colorless area of the leaves no chloroplasts were 
found in ^ny of the cells of the internal tissue. The difference in the 
shade of green coloration in the orange leaves was, as in poinsettia, 
mainly due to the position of the layers of cells with chloroplasts at 
different depths from the surface of the leaves, and only very slightly 
due to the number of layers of cells at a given area containing chloro- 
plasts. Numerous variegated orange leaves were examined, but no- 
where could chloroplasts be found in the first palisade layer or in the 
first layer of the spongy tissue next to the lower epidermis, as was 
occasionally the case in poinsettia (Fig. 2). So in the variegated 
orange leaves color was due in no case to the presence of chloroplasts 
in either the first palisade layer or the first layer of the spongy tissue 
at the lower surface of the leaf. As in poinsettia here also guard cells 
contained small chloroplasts. 


•RiaHT RfltlN 


A 


B 


Fig. 2. Diagrammatic presentation of variegated leaves of Euphorbia, In 
cross section, leaves show upper and lower epidermis, one palisade layer of 
cells, and three layers of cells of spongy tissue. The cells that contain 
chloroplasts are shown by cross marks; those without normal chloro- 
plasts are left blank. Epidermal cells are also shown blank. 

A. Where the central color was of dark-green shade, chloroplasts were 
present in the upper one or two layers of cells of the spongy tissue. Light 
green is indicated by the presence of chloroplasts in the middle layer of 
cells of the spongy tissue. Very light green, in the central colored region 
(not shown in the diagram), was due to the presence of chloroplasts in 
the third layer of cells of the spongy tissue from the palisade layer, where 
the spongy layer was four layers thick, instead of three as shown in the 
diagram. Bright green or intense green was from the presence of chloro- 
plasts in the palisade layer. At the bottom of the diagram are indicated 
the shades of coloration that appear on the lower surfaces of the leaves. 
This diagram shows that when the coloration is of central location in the 
leaves the cells of the palisade and a layer of cells next to the lower epi- 
dermis are devoid of normal chloroplasts, except where occasionally a 
patch of bright green coloration appears over the centrally colored area. 
In such cases chloroplasts were found only in the palisade cells and in the 
middle layer of cells of the spongy tissue. This is shown on the right side 
of the diagram. 

B, This diagram shows the condition that was present in the mutilated leaf. 
In this leaf, where marginally the color was intense green, both the pal- 
isade cells and those of the spongy tissue contained ^loroplasts. This is 
shown on the right side of the diagram. Where the color was somewhat 
lighter than intense green, in that portion of the leaf the cells of the 
palisade and a layer of cells in the spongy tissue next to the lower epider- 
mis contained chloroplasts ; the other two layers of the spongy tissue con- 
tained no chloroplasts. The left side of the diagram shows where the cells 
of the palisade and two layers of cells in the spongy tissue next to the 
palisade contain chloroplasts and a layer of cells next to the lower epider- 
mis is devoid of chloroplasts. This illustrates the colored condition on the 
back of the mutilated leaf on the damaged side, where the coloring is of 
light shade. 
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Fig 3., Variegated leaves of citrus A Upper surfaces of four leaves. B. Low- 
er surfaces of the same leaves arranged in the same order. Details in the 
text 

Ligustrum vulgare (privet) : — In general, the variegation pattern 
in privet is like that in poinsettia and orange, except that in privet it 
is more variable. Privet leaves showing the range of variability in 
variegation pattern are shown in Fig. 5. As before. Fig. 5A illustrates 
the upper surfaces of the leaves and Fig. SB the lower surfaces of the 
same leaves, arranged in the same order. The patterns in the second, 
third, and fourth leaves in Fig. 5 are comparable to those of poinsettia 
and orange where green coloration is central and the margin is color- 
less. The third leaf of privet is closely comparable to the first leaf of 
poinsettia, both having a small, dense green patch separated from the 
central green area; while the sixth, seventh, and eighth leaves of 
privet are comparable to the fourth leaf of poinsettia. 
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Fig, 4. Diagrammatic presentation of the variegated condition in the orange 
leaves, similar to Fig. 2. In orange no coloration was due to the presence 
of chloroplasts in cells next to either epidermis. Details in the text. 


In looking over the variegated privet plants, three types of branches 
were found, generally speaking, as to types of leaves ; each bore (a) 
branches on which leaves were of the typical variegated type with a 
central green coloration and a yellow margin (second, third, and 
fourth leaves in Fig S) ; (b) branches with leaves yellow without a 
central green coloration (fifth leaf of Fig. 5) ; and (c) branches with 
entirely bright and dense green leaves (first leaf in Fig. S). Yellow 
coloration in the leaves was subject to change from almost colorless to 
almost green with a change in nutritional level and light conditions of 
the plants ; but such changes did not alter either the pattern of variega- 
tion or differences in the shades of the green coloration patterns in 
the leaves. 

Internally the privet leaf is composed of two or three (presumably 
two predominating) palisade layers and of a spongy tissue six or 
seven cells deep. Shades of coloration in the central green area in 
privet leaves were associated with the presence of normal chloroplasts 
in the layers of cells of the spongy tissue at varying distances from 
the ujjper and Idwer epidennis. Since the privet leaf was intermediate 
between poinsettia and orange leaves as to the number of cell layers 
in the spongy tissue, the variation in the shades of coloring in privet 
was also intermediate between that of poinsettia and of orange. In 
leaves in which the central color is dark green, normal chloroplasts 
were absent from all palisade layers and from the three layers of cells 
of the spongy tissue next to the lower epidermis ; normal chloroplasts 
were present only in the upper three or four layers of cells of the 
spongy tissue next to the palisade layers. Lighter shades of green 
coloration were due to the presence of normal chloroplasts in the cells 
of the spongy tissue not immediately next to the palisade cells, as 
shown diagramatically in Figs. 2 and 4 for poinsettia and orange. The 
small, dark-colored spot on the upper right side of the third leaf, the 
dark-colored area of the sixth leaf, and the irregularly shaped dark 
patch on the upper portion of the seventh leaf in Fig. S were due to 
the presence of normal chloroplasts in only the palisade layers in these 
similarly colored areas. On the back of these leaves (Fig. SB) each 
corresponding green-colored area showed a very light green colora- 
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Fig. 5. Variegated leaves of Ligustrum. A. Upper surfaces of eight leaves. 
The first leaf is normal green ; the second, third, and fourth leaves are 
typical variegated leaves with marginal yellow or colorless area and cen- 
tral green-colored area, dark green, medium dark green, and light green ; 
fifth leaf is yellow or colorless. A small area of intense-green coloration is 
shown in the upper right portion of the third leaf, and wider areas in the 
sixth, seventh, and eighth leaves. 

B. Lower surfaces of the same leaves arranged in the same order. Details 
In the text 
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tion. On the other hand, a very light green coloration at the lower 
portion of the sixth leaf in Fig. SB was due to the presence of normal 
chloroplasts in only the first layer of cells of the spongy tissue next to 
the lower epidermis. The larger intense green areas of the seventh and 
eighth leaves were mainly due to the presence in the limits of these 
areas of normal chloroplasts in the cells of the palisade layers. Mar- 
ginally in these green portions all the cells of the spongy tissue also 
contained normal chloroplasts ; in some parts coloration was due to the 
presence of normal chloroplasts in only a few layers of cells of the 
spongy tissue next to the lower epidermis. In no case were intense- 
green areas in direct contact with green areas which formed a varie- 
gation pattern of the centrally located type, similar to that in the sec- 
ond, third, and fourth leaves. These two diverse types of colored areas 
were always internally separated by cells or layers of cells that con- 
tained no normal chloroplasts. The condition in the guard cells was 
the same as in poinsettia and orange. 

As mentioned above, three types of branches grew, practically at 
random, on the variegated privet. However, often leaves were found 
on the typically variegated branches that were in part intense green or 
symmetrically half intense green and half typically variegated or total- 
ly green. Similarly the same variable degrees of intense green colora- 
tion were found on branches with yellow leaves ; whereas no variation 
from the intense-green leaves to variegated or yellow-colored leaves 
was observed on green leafy branches. Furthermore, when branches 
that otherwise bore typically variegated leaves or yellow leaves were 
cut off above entirely or mostly green leaves as just described, buds at 
the axils of such leaves developed into branches bearing only green 
leaves, as in a nonvariegated normal plant. 

When examined carefully, occasionally some leaves that appeared to 
be homogeneously green, or half green and half yellow, or half central- 
ly green with yellow margin and the other half green, showed a faint 
central coloration through the green coloration of the leaves which 
was lighter than the green at the marginal areas of the leaves, similar 
to the condition described previously for the mutilated poinsettia leaf. 
This somewhat lighter green region showed outlines similar to colored 
areas shown in the second, third, and fourth leaves in Fig. 5. In free- 
hand sections from such a lighter green area normal chloroplasts were 
found to be present in the cells of the palisade layers and in one or two 
layers of cells of the spongy tissue next to the lower epidermis ; the 
more internal layers of cells contained yellowish-green to almost 
colorless plastids in comparison to the chloroplasts in the cells at the 
marginal denser green areas. Plastid color difference between the two 
was definitely distinct. 

Since microscopically the details of the internal structure of the 
variegated leaves of the privet were basically like those in the leaves 
of poinsettia and orange, no diagram is presented for the details in 
privet. 

Vitis Sp. of Euvitis group (bunch grape) : — Whereas the forms of 
variegation described above have long been known, the variegated 
form of the grape was discovered among several hundred seedlings 
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growing in the greenhouse in the spring of 1947 by the author on a 
young seedling shoot when only 15 centimeters high. The variegation 
on this seedling was localized along three nodes near the base. Below 
and above the variegated portion the leaves were entirely green. The 
lowermost and uppermost of the three leaves were only sectorially 
green and colorless. The middle leaf was fully variegated: it was 
centrally green and white or very faintly yellowish green over the 
whole margin. At first the plant was cut back just above the upper- 
most variegated leaf ; from its axillary bud only a green shoot grew 
out. Later the plant was cut off just above the middle variegated leaf ; 
from the bud at the axil of this leaf a fully variegated shoot developed. 
Resides this variegated shoot, other shoots grew at the lower levels of 
the main plant, which bore only green leaves. The latter shoots were 
cut off to encourage better growth in the variegated shoot. 

Samples of the variegated grape leaves are shown in Fig. 6. Basical- 
ly the pattern was similar to that of poinsettia. As in poinsettia, in 
some leaves there were as many as four shades of green coloration, 
in others only one. Some representative leaf samples were examined 
microscopically. Internally there were one palisade layer and a spongy 
tissue three or four (three predominating) layers of cells deep. Chloro- 
plasts were present in the guard cells as in other variegations above. 
Usually the darkest shade of green was due to the presence of normal 
chloroplasts in all internal cells. Lighter shades were due to either lack 
of normal chloroplasts in the palisade cells and their presence in other 
cells, or to lack of such plastids in both palisade cells and cells of the 
spongy tissue next to the lower epidermis and their presence in only 
the upper layers of the spongy tissue. The first leaf in Fig. 6 appeared 
to be normal, but a closer examination revealed that there was an area 
of faintly lighter color toward the petiole. Microscopic freehand sec- 
tions throughout the light-colored portion of this leaf showed that the 
palisade cells and one layer of cells of the spongy tissue next to the 
lower epidermis contained normal chloroplasts, whereas the other 
cells of the spongy tissue contained yellowish-green to almost color- 
less plastids. In the darkest green area of the first leaf all internal cells 
contained normal green plastids. It should be mentioned also that with 
a change in nutritional condition even the most colorless areas change 
toward green, as was the case in privet. No study was made of the 
second leaf in Fig. 6, but studies of the others were sufficient to learn 
about the internal composition of variegated grape leaves in general. 
In the third leaf, in the darkest green area all internal cells contained 
normal chloroplasts; in the medium-dark area normal chloroplasts 
were absent from the palisade cells, but were present in the cells of the 
spongy tissue next to the lower epidermis. Three shades of coloring 
normal chloroplasts were present in only one layer of cells of the 
spongy tissue next to the lower epidermis. Thee shades of coloring 
due to the presence or absence of normal plastids at the different 
depths of cell layers in the leaf appear on the lower surface of the third 
leaf (Fig. 6B). In the lower-surface view the two extremes of color 
shade are more apparent than the medium coloration. In the fourth 
leaf, the entire margin of the leaf is colorless ; the colored area is inter- 



Fig. 6. Variegated leaves of Vitis, A. Upper surfaces of five leaves from a 
variegated branch. The first leaf appears to be normal green, but closer 
examination showed toward the base of the leaf the presence of a faintly 
lighter-colored area. For details of this and other leaves see the text. 

B. Lower surfaces of the same leaves arranged in the same order. 
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nal and extends to the petiole. There are only two shades of coloration 
here: one medium-dark green (not intense green) and the other light 
green. In the dark-colored area normal chloroplasts were lacking in 
the palisade and in one layer of cells of the spongy tissue next to the 
epidermis, normal chloroplasts being present in only the upper two 
layers of cells of the spongy tissue. The light-green coloration was 
due to the presence of normal chloroplasts in only the middle layer of 
cells of the three-layered spongy tissue. An extremely small area of 
coloration is shown in the fifth leaf, close to a large vein. The minute 
coloration in this leaf was due to the presence of normal chloroplasts 
in only one layer of cells of the spongy tissue just below the palisade 
layer which lacked chloroplasts. A streak of coloration extended from 
this colored spot toward the petiole. Often in other leaves a narrow 
stretch of coloration would extend from the petiole close to the tip 
of the leaf or along the major lateral veins, or both. Such colored 
patches were never dissociated from the veins and were always of in- 
ternal origin, as described for the coloration in the fourth and fifth 
leaves in Fig. 6. 

Euonynms japonicus var. mcdiopictus (spindle tree) : — In the 
variegated form of Euonymus the coloration in the variegated leaves 
has a reverse appearance to those described above. Marginally the 
leaves are green and centrally colorless (Fig. 7). There were found 
two types of branches growing on the same plant: (a) branches with 
variously patterned centrally colorless leaves, and (b) branches with 
only totally green leaves. On a type branches one might find leaves 
that are totally green. When buds at the axils of such green leaves are 
forced to grow, by cutting branches above them, only branches with 
totally green leaves are obtained. No variegated leaves are found on 
branches that bear totally green leaves, nor are completely colorless 
leaves found on any kind of branches. 

In this variegated form of Euonymus the variegation patterns ap- 
pear identical at both sides of the leaf, as in mirror images. However, 
when the line of demarcation between colored and colorless areas is 
observed closely, it will be seen that there is some overlapping at some 
places between the two areas. Microscopically in green areas there are 
fully developed green plastids. Where the green area is in contact with 
the colorless area there is a gradual diminution of green pigment 
toward yellow and complete divsappearance of both pigment and plas- 
tids. This is in sharp contrast with what has been observed in other 
variegated plants described above. The possible significance of this 
will be considered further on. The guard cells at both colored and 
colorless areas contained chloroplasts. 

Variegations in Monocots 

The variegated condition in the blades of the monocots Sansevieria 
(Fig. 8) and Pandanus (Fig. 9) was basically of the same nature as 
in the leaves of the dicotyledonous plants described above. The margin 
of the blades of the two monocots was colorless or showed a yellowish 
color. Green coloration was central, except that often more or less 
colorless streaks extended from the tip of the blades toward the base 
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Fig. 7. Variegated leaves of Euonymus, A. Upper surfaces of three leaves. 
The first leaf is normally green colored. The second and third leaves show 
extremes of variegation patterns in this plant. The variegation here ap- 
pears as reverse of that in other plants : marginally the leaves are green 
and centrally colorless. 

B. Lower surfaces of the same leaves arranged in the same order. 

of the blades. The pattern of variegation in Dracaena blades (Fig. 10) 
was distinct from that of the other two monocot plants. In Dracaena 
there is a darker green strip at the very edge of the blade. Next, 
toward the center of the blade, there is a colorless strip ; and the rest 
of the central portion of the blade is green with a dull tone. 

Microscopic observations were made of freehand transections of the 
blades of the three monocots. The following conditions were observed : 
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Sansevieria: — In the 
. marginal light-yellow 
area the cells contained 
mostly degenerated or 
partly developed small 
plastids, yellowish in col- 
or. In the green area 
fully developed, large- 
sized chloroplasts were 
present in cells immedi- 
ately next to the epi- 
dermis and farther in. 
Chloroplasts were lack- 
ing in the guard cells of 
the epidermis of the vari- 
egated blade. Incidental- 
ly, the horizontal strip- 
ing in Sansevieria is due 
to large and intense- 
green chloroplasts in the 
cells in the very green 
stripes and to lighter- 
green and smaller-sized 
chloroplasts in the light- 
er stripes. 

Pandanus : — ^The cells 
in the marginal color- 
less area were either de- 
void of chloroplasts or 
contained poorly devel- 
oped plastids. This was 
also true in the guard 
cells. In the green por- 
tion of the leaf, chloro- 
plasts were present in 
cells two or more layers 
Fig. 8. Variegated leaves of Sansevieria, of cells deep at both sur- 

Left blade is normaj ; right blade is ^rie- faces of the leaf. In some 

gated. On the left Side of the latter blade, 

a little way from the colorless portion, a parts of the internal 
fine streak of colorless area appears with green portion where cells 
a colored background. contained fully devel- 

oped chloroplasts there 
were some islands of cells that were devoid of chloroplasts. Whether 
this is a normal condition for the normal species of the variegated form 
here reported could not be verified for lack of nonvariegated speci- 



Dracacna : — In the marginal green portion of Dracaena leaf blades 
the cells contained chloroplasts. The guard cells in all regions con- 
tained chloroplasts also. Cells in the colorless region and one or more 
layers of cells next to both upper and lower epidermis in the centrally 
green region were devoid of chloroplasts. In the centrally green region 
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Fig 9. Variegated leaves of Pandanus Left leaf is variegated; right 

leaf is without normal green color. 

Fig. 10. (Right) Variegated leaves of Dracaena, The left blade shows in- 
tense green on the very margin, and a colorless strip between the marginal 
intense green and a central dull* green. The right blade has intense green 
marginally and is colorless centrally. 

the other cells contained chloroplasts. As indicated above, the central 
green portion was separated from the epidermis by one or more layers 
of cells containing no chloroplasts. In Dracaena blades it was observed 
that elongated sheath parenchyma cells around the veins contained 
chloroplasts, but those around the veins throughout the marginal 
colorless area were devoid of chloroplasts. 

Discussion 

The study of cytochimeral forms of cranberry induced by colchicine 
has shown that the shoot apex has primarily three layers of cells which 
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more or less remain distinct from each other. These layers have been 
designated as primary histogenic layers. When colchicine was applied 
to a bud growing into a shoot or to the tip of a growing shoot, poly- 
ploidy was induced in the individual layers independently of the oth- 
ers, so that the various combinations of polyploid and normal layers 
at the shoot apex were found. By using normal and pol 3 rploid layers 
as markers, the origin of each tissue or region in developing stems, 
leaves, fruits, and so on was traced to a particular layer of the shoot 
apex. 

In the cranberry leaf the development of the epidermis was traced 
to L-I, a considerable portion of the marginal area to L-II, and the 
central part of the leaf blade to L-III (5). The similarity of patterns 
of variegation in the leaves of plants described herein to the pattern of 
development in the cranberry leaf has strongly suggested that in the 
fundamentals they are alike. It is here suggested that whereas the 
chimeral condition in the cranberry was due to the differential poly- 
ploidy in a given histogenic layer, the variegations in the plants de- 
scribed here are caused by a somatic mutation, whether genic, cyto- 
plasmic, or plastidic, in only one histogenic layer in the shoot apex of 
the variegated plants. Thus, in the part of the leaf that is derived 
from the affected layer normal chlorophyll development becomes 
suppressed. 

It appears that in poinsettia, orange, privet, and grape the affected 
layer is L-II. Accordingly the marginal colorless areas in these leaves 
are derived from L-II and the central green area from L-III. Nor- 
mally epidermal cells, except the guard cells of the stomates, are de- 
void of chloroplasts. In the guard cells there are small chloroplasts. 
Therefore the epidermis is practically colorless, but nevertheless, in a 
genetic sense it is potentially a green tissue and is independent of 
other tissues of the leaves. This becomes evident from the presence 
of intense-green patches marginal to otherwise marginally colorless 
leaves of all the above plants except the orange. Significantly enough 
small chloroplasts were present in the guard cells, on the green as well 
as colorless portion of the leaves, of all the plants studied here, except 
in variegated Sansevieria and Pandanus alone. In cranberry there 
was no indication of L-I giving rise to inner tissue in the leaves. It 
appears that internal tissue development and the extent of such growth 
from L-I is variable between species. Internal tissue formation from 
L-I was quite extensive in privet and grape ; consequently branches 
bearing entirely green leaves were found along with branches bearing 
variegated leaves on the same plant. 

The extent of tissue development from L-II and L-III was very 
variable and interdependent. This was evident from the amount of 
yellow or colorless areas and of the central green areas in the leaves. 
The evidence of the marginal area being derived from L-II was found 
from the study of freehand sections of the leaves. In the central region 
of leaves where the color was dark green, that area was always sepa- 
rated from the epidermis by a layer or layers of cells which either 
lacked chloroplasts or contained plastids of much lighter shade, in 
contrast to the chloroplasts in the layers of cells that were in the 
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colored portion of the internal tissue. That was further indicated 
when sections of intense-green areas were examined. Where the pal- 
isade cells or a layer of cells of the spongy tissue next to the lower 
epidermis contained intense-green chloroplasts, one or more layers 
next to these were always devoid of chloroplasts, or their chloroplasts 
never looked normal. No case was found in any variegated leaf of the 
plants studied in which an intense green of the nature here described 
merged in a histological sense with the green color of a central region 
(right side of Fig. 2 A). The intensity of color was determined by the 
depth at which the layers of cells with normal chloroplasts were from 
the surfaces of the leaves. The appearance of completely colorless or 
yellow leaves indicates replacement of L-III by L-II ; and the appear- 
ance of completely green leaves indicates that I^I has replaced L-II, 
L-II consequently replacing L-III. Therefore, in those leaves where 
the mutation occurred in L-II, the green coloration in most cases 
should be marginal, whereas the central portion which was colored 
should be replaced by a tissue containing no cholorplasts or else the 
plastids in the cells should be yellowish. This was exactly what was 
found in the case of the first leaf of the grape shown in Fig. 6. This 
was also true in poinsettia and privet. 

In all the above plants, except in Euonymus, there was no gradual 
blending of color from intense to colorless. In Euonymus the mutation 
appears to have occurred in L-III, thus showing a reverse pattern in 
contrast to the others. On this basis there should be at least two layers 
of cells over the colorless area that are potentially alike, one being the 
epidermis, which would be naturally practically devoid of chloroplasts 
and the other the palisade tissue under the epidermis, which would 
contain fully developed chloroplasts. If these cells contained chloro- 
plasts, then no area in the Euonymus leaves should have appeared 
colorless. As in privet and grape, entirely green leafy shoots appear 
on the variegated Euonymus plant and they are not known ever to 
show variegated leaves. Therefore the variegation in this plant belongs 
definitely in the category of somatic mutations where the mutation is 
in L-III instead of in L-I or L-II. Since the colorless area shows 
through, it would appear that with mutation affecting chloroplast 
development in the central area the physiology of cells has also been 
affected in such a way that probably a chemical from these cells dif- 
fuses into the neighboring cells. The plastids in the adjacent cells de- 
rived from L-II are more affected and show practically no green 
color, but color intensity increases very rapidly in other cells at a very 
short distance from the true colorless area. 

The fact that variegation occurs in monocots as well as in dicots 
indicates that this group of plants also must have distinct histogenic 
layers at the central growing point. Variegation in Sansevieria and 
Pandanus indicated that these plants have at least two histogenic lay- 
ers and that the mutation responsible for the variegation involved the 
L-I. Dracaena, on the other hand, shows evidence of three layers. 
The mutation in this plant appears to be in the L-II. This is evident 
from the fact that the Dracaena blade at the left in Fig. 10 showed a 
bright-green margin, next was a colorless area, and then a central 
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r^ion that was dull dark green. The blade at the right in Fig, 10 
shows a variegation pattern in which it appears that growth from L-I 
has replaced the region that normally is aerived from L-II, and that 
Lr-III is left out of it, being replaced in turn by Lr>II, It seems, there- 
fore, that perhaps the other two monocots may also have three histo- 
genic layers, but that in these plants mutation occurred in L-I instead 
of L~IL If the mutation had occurred in L-II instead of in I^-I, the 
variegation patterns in these two plants would have resembled those 
of Dracaena, 

In the cranberry, tissue development in leaves was traced by means 
of the identification of polyploidy in certain areas ; it would seem that 
variegational patterns in leaves of such plants as are described here 
would serve this same purpose. By the variegation method one can 
simply determine the origin of the patterns and thus learn at what 
approximate stage of leaf development internal tissues are derived 
from various histogenic layers. Changes in variegation patterns and 
intense-green color development at the margins of leaves have indi- 
cated that in privet and grape the L-I layer may often replace L-I I. 
In others, especially in orange, L-I may pretty well be confined to 
epidermal tissue development. 

In fruit plants there are a number of bud sports that appear to be 
in the nature of periclinal chimeras. These are interpreted with the 
same premise as the leaf variegations and cytochimeral cranberry 
forms. 

An example of chimeral mutation is that of thornless forms of other- 
wise naturally thorny blackberries (2, 3). Most blackberry species are 
thorny. There are, however, some species that lack the thorny charac- 
teristic and breed true as thornless ; also a number of cases have been 
found where thornless branches have appeared on normally thorny 
plants. In propagation of these latter thornless forms, if root pieces 
are used the resulting plants are thorny ; hence they are always propa- 
gated by layering the tips. Occasionally on otherwise smooth canes 
some lateral branches have been found with as many thorns as the 
original plant (2), Anatomically thorns of blackberry appear to origi- 
nate in the outer cortex. It appears, therefore, that a mutation sup- 
pressing or eliminating thorns has occurred in L-II of the blackberry 
and that L-I and L-III carry the unaffected thorny factors. On this 
assumption, the occurrence of lateral thorny branches on otherwise 
thorny canes may be due to occasional and limited cortical tissue 
growth from L-I. Since roots usually develop from the stele region in 
the stem, and that tissue in turn originates from L-III, then growth 
from root cuttings would have thorns. Hence, in the case of thorny 
branches on smooth canes, where there appears to be a process of 
replacement among histogenic layers, L-I gives rise to L-II, and the 
original L-II — the layer carrying the thornless factor — replaces 
L-III ; root propagation from such thorny branches should result in 
homogeneously thornless plants. 

There are at least two obvious types of sporting in pomaceous fruits 
that have been easily recognized and propagated; one affects fruit 
color and one affects fruit size. Both types are known among bud 
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Sports of established varieties. There are two types of buds, one the 
naturally developing axillary buds on the growing twigs, and the 
other, probably exceedingly rare, the adventitious buds which, like 
roots, originate in the stele region and push through the bark of the 
stems. Since the sporting nature of the fruit plants is noticed chiefly 
in the fruits, the source of mutation is either in the true buds or in the 
adventitious buds. A normal bud would ordinarily have the histogenic 
layers that the plant originally had; whereas an adventitious bud, 
originating most likely in the stele region of the plant, would normally 
be histogenetically of L~III origin. Therefore, if a mutation occurred 
in a normal bud, then that mutation would be carried in only a single 
histogenic layer and hence would be periclinally chimeral. If, on the 
other hand, a mutation had occurred previous to the development of 
an adventitious bud or during its initiation, then the factor for such 
a mutation would either be throughout all the tissues or in a true sec- 
tor extending from the epidermis into the pith. 

It may be assumed that most of the color sports and perhaps the 
great majority of other types of sports have occurred in true buds ; 
therefore, at least in their inception, they would be periclinally chi- 
meral, and the factor for the sporting would be in only one of the his- 
togenic layers. This assumption, however, could possibly be proved 
either by breeding methods, which would concern L-II, or by de- 
veloping shoots through adventitious buds or by propagation from the 
roots, which would concern L-III. Whether or not a mutation factor 
is in L-I would be indicated by the results obtained from the breeding 
and root progagation methods, or possibly sectorial development from 
L-I. This latter may be seen on some fruits that show clearly defined 
color variation in sectors. 

A mutation affecting size of plant organs such as fruit may result 
either from a genic or other somatic changes or from polyploidy. The 
determination of genic mutation may have to be made as suggested 
for color sports, whereas determination of polyploidy is rather simple. 
This method would require sectioning of a shoot tip to determine 
cytohistologically the make-up of the shoot apex. Stomate size deter- 
mination with a hand lens, and pollen grain determination by measure- 
ment with a microscope would show whether the polyploidy was epi- 
dermal or subepidermal. But for the determination of innermost tis- 
sues the cytohistological method would be the most positive way. 

The polyploid nature of two large-fruited forms of pear varieties 
has been confirmed, either by pollen grain size or by study of pollen 
mother cells. One large-fruited Bartlett occurred in Washington 
State and another in Oregon ; both had large pollen grains. In Eng- 
land the meiosis of a large-fruited form of the variety Fertility has 
shown it to be a tetraploid. These determinations would indicate tetra- 
ploidy in only the sporogenous tissue. A cytohistological study of these 
large-fruited forms is required to determine the ploidy of the other 
primary tissue systems that are derived independently from the histo- 
genic layers in the shoot apical meristem. Einset et al. (14) have re- 
ported the chromosome number of large-fruited forms of the Mc- 
Intosh, Rome, Jonathan, and Northern Spy apple varieties. They 
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State : “Determinations of chromosome number were made in somatic 
cells in leaf and flower buds collected from branches brought into the 
greenhouse in late winter and kept there several days before the fixa- 
tions were made. These sports were all found to be diploid, with the 
exception of a large-fruited Northern Spy that had a diploid layer of 
cells covering the inner, tetraploid tissue”. The following description 
concerning the tree, especially of the fruit of this sport of Northern 
Spy, is most interesting : “The tree differed from the other trees in the 
orchard in that the top was flatter and the angles of the branches were 
wider than on typical Spy. The fruit, which first drew attention, was 
unusually large. A few apples were symmetrical, while others had 
large and small segments”. This evidence of a polyploid chimeral con- 
dition in a large-fruited apple and its effect on size of the fruits and 
particularly “large and small segments” of this large-fruited bud sport 
of apple, is in conformity with the cytohistological condition described 
for some chimeral polyploid cranberries. Dr. E. S. Degman, in a per- 
sonal communication, described a similarly irregular condition in some 
fruits of the large-fruited Bartlett pear originated in Oregon, thus 
indicating that this pear is also a periclinal chimeral sport ; that L-II 
is tetraploid ; and that L~I and L~ITI are diploid. 

Summary 

A most significant resemblance was indicated between the pattern 
of tissue formation in the leaves of diplo-tetraploid periclinal forms 
of cranberry and the chlorophyll variegation patterns in the leaves de- 
scribed here. In cranberry it was found that the epidermis of the leaf 
was derived from L-I, a considerable portion of the marginal area 
from L~1I, and the portion central to the leaf from L-III. In the 
variegated plants it is assumed that a mutation, whether genic, cyto- 
plasmic, or plastidic, is involved, which has affected chlorophyll de- 
devolpment in plastids. The affected layer in the variegated plants is 
recognized from the lack of normal chlorophyll development in cer- 
tain areas of the leaves. It appears that in the dicots studied. Euphor- 
bia, Citrus, Ligustrum, and Vitis, the mutation was in L-II; and in 
Euonymus, in L~III. In the monocots the mutation was in L-I in 
Sanscvieria and Pandanus, and in h-ll in Dracaena. 

It was pointed out that sporting in fruit plants, such as thornless- 
ness in some blackberries and color sports and giant sports in apples 
and other fruits, can be interpreted on the same basis as in cranberry. 
Thus, after recognizing the periclinal nature of these various sports 
and the tissues involved, we may be able to isolate them by various 
means from periclinal into homogeneous forms. 
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Some Effects of Ammonium Sulphate and 
Wettable Sulphur on Apple Leaves^ 

By J. C. Bates and Wm. F. Pickett, Kansas Agricultural 
Experiment Station, Manhattan, Kans. 

I N some unpublished research the authors attemj)ted to measure the 
rate of photosynthetic activity in the apple by the increase in total 
dry weight per square meter (m^) of leaf area measured at the end of 
the growing season. The variation in values obtained between trees, 
even within a treatment group, was high and the difference in values 
o!)tained between treated and untreated trees was not statistically 
significant. 1'hcse measurements were based on the assumption that 
changes in leaf area occur at the same time in all trees under investi- 
gation and that the proportionate rates of change in leaf area between 
different trees remain constant throughout the growing season. Since 
this assumption did not agree with observations of the authors, it 
seemed desirable to obtain the product of the square meters of leaf 
area and hours of exposure to daylight (square meter hours, ni^h) 
and measure the rate of photosynthesis in increase in t^^tal dry weight 
per tree ])er m^h of leaf area. It was desired to determine also the 
chlorophyll content of the leaves and the influence of the ratio of the 
internally exposed surface to the external surface (R value) of the 
leaf on the rate of photosynthesis. Therefore, a combination treatment 
of nitrogen fertilizer and wettable sulphur foliage spray, with which 
an increase in the R value of apple leaves had previously been ob- 
tained, was selected for this study. 

Methods of J’rocedure 

The dry weight of the 26 Jonathan ai)ple trees used in the experi- 
ment was calculated at the time of planting on January 21, 1946 from 
the fresh weight of the trees and the percentage of moisture in four 
extra trees from the lot. 

The trees were planted in wooden boxes measuring 12 by 12 by 15 
inches and plunged into a ground bed of a greenhouse. Precautions 
were taken to prevent the influence of any differences in light inten- 
sity, soil composition, drip from the sprayed .trees, methods of sam- 
pling, and selection of trees to be treated on the experimental results. 

Thirteen trees were given the following combination treatment: 3 
ounces of ammonium sulphate applied to the soil around each tree on 
February 18, 1946 and 12 applications of wettable sulphur foliage 
spray, formula of 5.4 pounds to 100 gallons of water, applied on the 
following dates: February 26; March 6, 11, 18, 26; April 1, 9, 16, 
23; and May 1, 9, 15, 1946. 

To obtain the nr*h of leaf area, the growing season was divided into 
15 consecutive periods of ap]>roximately 7 days each. The leaf area 
t)f each tree was measured at the beginning and end of the growing 
season and between consecutive periods. The m^h of leaf area of each 

* Contribution No. 215, Department of Horticulture. 
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tree for each of the 15 consecutive periods was calculated from the 
formula : 


m®h 


of leaf area at , m® of leaf area 
beginning of period at end of period 
2 


total number of day- 
X light hours in period 


The sum of the m^h of leaf area of all IS periods give^ the total m^h 
of leaf area for the growing season. 

The leaf area of a tree was calculated from the sum of the products 
of the length and width of all leaves on the tree and the ratio of the 
sum of the products of the length and width to a planimeter measure- 
ment of area of a random sample of leaves. The measurements of the 
leaves in the random sample were made from blueprints of the leaves. 

On May 23, 1946 the R value (R) of four leaves from each tree 
was calculated from measurements of the depth of palisade tissue in 
microns (P) using the formula (R = 0.1122P + 1.33) developed by 
Pickett and Birkeland ( 1 ) . 

The chlorophyll content of the leaves was determined for each tree 
using the method described by Compton and Boynton (2). 

The increase in grams of tree dry weight was obtained by subtract- 
ing the calculated dry weight at planting time from the total dry 
weight of the tree (including leaves) at the end of the growing season. 


Experimental Results 

One of the treated trees, No. 17, died without breaking dormancy. 
Three of the treated trees, Nos. 3, 7, and 13, were so severely injured 
by the treatment that the leaves died at the tips and margins. All of 
the remaining trees appeared healthy. The untreated trees, however, 
appeared to have longer shoots with more foliage than those of the 
treated trees. The trees varied considerably in the time required to 
break dormancy. 

A coefficient of correlation of +.995 was obtained between the area 
and the product of the length and width of the leaves. 

The average gain in grams of dry weight per tree during the grow- 
ing season was 47.57 and 85.70 for the treated and untreated trees 
respectively. 

The average size of the leaves of the treated and untreated trees 
was 12.82 and 15.78 square centimeters respectively. 

An analysis of variance showed that the differences between the 
average size of leaves of treated and untreated trees was significant, 
P = .02. 

The average chlorophyll content of the leaves of the treated and 
untreated trees is 296 and 282 milligrams respectively per square 
meter of leaf area. 

The average daily increase or decrease in leaf area of each tree 
during three of the fifteen periods of the growing season is shown in 
Table 1. 

The data in Table I show that the average daily rate of change in 
leaf area varies with different trees and with different periods of the 
growing season. 
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TABLE I — Leaf Area Measurements for Three Periods 
OF THE Growing Season (1946) 


Tree 

No. 

Change in Leaf Area (cm*)* 

m9h;M*** 

6th Period 

10th Period 

16th Period 

6th Period 

10th Period 

16th Period 

1 

47 

60 

23 

198 

424 

877 

2 

24 

33 

22 

177 

426 

769 

3 

4 

-1 

2 

257 

707 

1,295 

4 

30 

52 

37 

205 

392 

811 

5 

28 

16 

4 

211 

611 

1,020 

6 

27 

37 

18 

216 

440 

901 

7 

20 

16 

1 

143 

484 

1,170 

8 

35 

91 

26 

203 

400 

886 

9 

36 

25 

25 

137 

453 

848 

10 

25 

67 

55 

176 

389 

689 

11 

0 

52 

-1 

272 

493 

1,013 

12 

33 

95 

3 

229 

453 

1,013 

13 

1 

3 

-2 

192 

598 

1,852 

14 

33 

67 

22 

235 

474 

1,004 

15 

8 

16 

19 

266 

614 

1.026 

16 

23 

127 

27 

206 

359 

892 

18 

51 

38 

37 

77 

353 

701 

19 

19 

127 

58 

247 

391 

699 

20 

46 

44 

50 

77 

319 

618 

21 

18 

92 

18 

250 

459 

855 

22 

33 

82 

22 

175 

387 

737 

13 

20 

55 

37 

257 

601 

889 

24 

77 

42 

17 

107 

•22 

817 

25 

27 

37 

11 

216 

472 

917 

26 

-12 

09 

1 

288 

424 

852 


^Average daily increase or decrease (minus sign) in leaf area in cm* during period. 
♦♦Ratio of square meter hours to square meters of leaf area at end of period. 


The data show also that the leaf area of four trees decreased during 
one of the three periods shown in the table. Decrease in leaf area of 
eight of the thirteen untreated and ten of the twelve treated trees was 
obtained during one or more of the fifteen periods. The decrease in 
leaf area may be accounted for by a retarding or cessation in the 
production and expansion of leaves and shrinking of leaves with 
aging. 

The data in Table I show, moreover, that the proportionate rates 
of change in leaf area between different trees, even between different 
treated (odd numbered) or untreated (even numbered) trees, does 
not remain constant throughout the growing season. 

The difference in average daily increase in cm^ of leaf area between 
treated and untreated trees during each of the 15 periods of the grow- 
ing season is shown in Fig. 1. 

The graphs in Fig. 1 show that the average daily increase in leaf 
area of all untreated trees was greater than that of all treated trees. 

The average daily increase obtained for the treated and untreated 
trees was analyzed by statistical analysis of variance with the result 
that the difference’ in values obtained between the treated and un- 
treated trees is highly significant, P<.001. 

If changes in leaf area occur at the same time in all trees under 
investigation and the proportional rates of change in leaf area be- 
tween different trees remain constant throughout the growing season, 
it follows that there should be no variation between trees in the ratio 
of the product of the square meters of leaf area and hours of exposure 
to daylight (m^h) during a given period to the square meters (m^) 
of leaf area measured at the end of the period. 
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Fig. 1. Average daily increase in leaf area of all treated and all untreated 
trees during each of the fifteen periods of the growing season (1946). 


The data in Table I show that the ratio of square meter hours to 
square meters of leaf area obtained at the end of the 5th, 10th and 
15th periods of the growing season increases throughout the growing 
season for all trees and varies greatly in different trees even within 
a treatment group. 

The graphs in Fig. 2 show that the average m^h : m^ obtained for 
all treated trees w^as higher than that obtained for all untreated trees. 

The average ratios obtained for the treated and untreated trees were 
analyzed by statistical analysis of variance with the result that the 
difference in values obtained between the treated and untreated trees 
is highly significant, P<.00L 

Data on different leaf measurements in relation to rate of photo- 
synthesis are shown in Table IT. Due to severe injury resulting from 
the treatment, the data on trees Nos. 3, 7, and 13 are not included in 
this table. 

The data in Table II were analyzed by statistical analysis of vari- 
ance with the following result: although the average R value of the 
leaves obtained for the treated trees was higher than that of the un- 
treated trees, the difference in average values obtained between the 
treated and untreated trees is not significant, P = .14 and is within 
the bounds of reasonable sampling variation. 

The average increase in tree dry weight per unit of leaf area deter- 
mined at the close of the experiment for the untreated trees is slightly 
higher than that of the treated trees, but the difference in values ob- 
tained between the treated and untreated trees is not significant and 
is within the bounds of reasonable sampling variation. 

The average increase in grams of tree dry weight obtained per 
square meter hour and per square meter hour per unit of R value was 
higher in the untreated than in the treated trees and the difference in 
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PERIODS OF THE GROWING SEASON 

Fin. 2. Ratio of square meter hours to square meters of leaf area for all 
treated and all untreated trees at the end of each of the fifteen periods of 
the growing season (1946). 


TABLE II — Influence of Treatment on R Value of Leaves and Rate 
OF PuotosynthEvSis in Greenhouse Grown Jonathan Apple Trees 
(1946) 





Increase ii 

a Tree Dry Weight Per Unit of Leaf 


Treated 

Un- 

Square 

Metei 

Square Meter Hour 

Square Meter Hour Per 

Leaves 





Unit R Value 

(R Value) 









Treated 

Untreated 

T reated U ntreated 

Treated 

Untreated 



(Grams) 

(Grams) 

(Grams) (Grams) 

(Grams) 

(Grams) 

14 95 

15.92 

232 

228 

0.2645 0.3lK)4 

0.01769 

0.01887 

15.16 

14.78 

230 

249 

0.2257 0.3064 

0.01488 

0.02073 

13.68 

14.65 

169 

266 

0 1998 0.2955 

0.01460 

0.02017 

15.33 

14 65 

243 

252 

0.2400 0 2842 

0.01565 

0.01940 

15 28 

14 40 

206 

122 

(T.2004 0 1774 

0.01311 

0.01232 

15 66 

14 52 

148 

243 

0 2122 0 2399 

0.01355 

0.01652 

15.71 

15.37 

198 

248 

0 2316 0.2471 

0.01474 

0.01607 

15.33 

15.16 

205 

234 

0.2302 0.2624 

0.01601 ; 

0.01731 

15 33 

14 18 

202 

185 

0.2199 0.2646 

0.01434 

0.01865 


12.66 

— 

143 

0 2309 


0.01824 


14 44 

— 

185 

0.2503 


0.01733 


13.38 

— 

217 

0.2656 


0.01985 


15 71 

— 

192 

0.2268 


0.01437 

15 10* 

14,00 

204 

213 

0.2249 0.2577 

0.01484 

0.01768 


♦Averages. 
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values obtained between treated and untreated trees was significant in 
the former, P<.05 and highly significant in the latter, P = .007. 

When the increase in grams of total dry weight per square meter 
of leaf area measured at the end of the growing season is used to com- 
pare photosynthetic rates in different trees, the time unit or length of 
exposure of leaf area to light varies with different trees to such an 
extent that the difference in photosynthetic rates obtained between 
treated and untreated trees is not significant. When the m-h unit is 
used, the unit of time is the same for all trees and the difference in 
photosynthetic rates obtained between treated and untreated trees is 
significant. When the m‘"*h/R unit is used, the difference in photo- 
synthetic rates obtained between treated and untreated trees is highly 
significant. Since the R value introduced is calculated from and is 
directly proportional to the depth of palisade tissue, the m^h/R unit 
used is more nearly a measurement of leaf volume than area which 
makes considerable difference in the results obtained when leaves of 
different thickness are compared. 

There was no significant correlation between R value of the leaves 
and increase in grams of tree dry weight per m^h of leaf area between 
the treated and untreated trees. 


Discussion of Results 

The leaves of treated trees Nos. 3, 7, and 13 were so severely 
injured by the treatments that portions of the leaves adjacent to the 
tips and margins died and the production of new leaves was sup- 
pressed early in the growing .season. During the entire period trees 
Nos. 3 and 7 show an increase of only .0938 and .0818 grams respec- 
tively and tree No. 13 a decrease of .0251 grams of tree dry weight 
per m^h of leaf area. The rate of photosynthesis in these trees is far 
below the values shown in Table II for the other treated trees. 
Moreover, some of the roots of tree No. 13 were killed by the treat- 
ments. 

Since the production of leaf area and rate of photosynthesis were 
decreased in the healthy-appearing treated trees as well as in the 
definitely injured treated trees below that of the untreated trees, it 
seems highly probable that the healthy-appearing treated trees also 
were injured by the treatment. 

Pickett and Ken worthy (3) obtained a coefficient of correlation of 
•f .70 between increase in tree dry weight per m^ of leaf area and the 
R value of the leaves of young York, Jonathan, and Wealthy apple 
trees and suggested using R value of the leaves as an index of photo- 
synthetic activity. 

The results obtained in this experiment suggest the possibility that 
a given treatment may increase the R value of the leaves and at the 
same time decrease photosynthetic activity by its injurious action on 
the leaves without greatly affecting the healthy appearance of the 
trees. In such instances, the R value of the leaf is an unreliable index 
to photosynthetic activity. 
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Summary 

1. A 3-ounce application of ammonium sulphate fertilizer applied 
early in the growing season and twelve applications of wettable sul- 
phur foliage spray, formula of 5.4 pounds to 100 gallons of water, 
injured the leaves of Jonathan apple trees growing in the greenhouse. 
Three trees were so severely injured that portions of the leaves died, 
while the other treated trees, although injured, were able to retain a 
healthy appearance. 

2. The leaf area of a tree can be satisfactorily determined from 
measurements of the length and width of all leaves on the tree. 

3. The average size of leaves and gain in tree dry weight was great- 
er in the untreated than in the treated trees but there was no signifi- 
cant difference in the chlorophyll content of the leaves of the treated 
and untreated trees. 

4. The average daily rate of change in leaf area varies with different 
periods of the growing season and with different trees. The leaf area 
of a tree may decrease instead of increase during some periods of the 
growing season which is attributed to a retardation or cessation in 
the production and expansion of leaves and a shrinking in area of 
leaves with aging. 

5. The ratio of the product of the square meters of leaf area and 
hours of exposure to daylight (m%) to the square meters (m^) of 
leaf area measured at the end of the growing season varies greatly 
with different trees and is higher for the treated than for the untreated 
trees. 

6. No significant correlation was found between R value of the 
leaves and increase in tree dry weight per m^h of leaf area. 

7. There was no significant difference between treated and un- 
treated trees in the grams of increase in total dry weight per square 
meter of leaf area measured at the end of the growing season. 

8. The increase in grams of tree dry weight per m^h and per m^h/R 
of leaf was significantly greater in the untreated trees than in the 
treated trees. 

9. The greater increase in tree dry weight per m^h and per m^h/R 
of leaf in the untreated than in the treated trees and the lack of a 
significant correlation between R value of leaves and increase in 
grams of tree dry weight per m^h of leaf area between treated and 
untreated trees is attributed to the injurious action of the treatments 
oti the leaves of the treated trees whereby their photosynthetic activity 
was reduced. 

10. When the leaves of a tree are injured by treatment, the R value 
of the leaves may not be a reliable index to photosynthetic activity. 
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Magnitude of Residues on Apples fiom Orchards Sprayed 
With Organic Mercurials^ 

By Frank L. Howard and Frank S. Schlenker, Rhode Island 
State College, Kingston, R, L 

M ercury compounds have been recognized as excellent fungicides, 
but their use in sprays and dusts for the control of foliage and 
fruit diseases has been avoided because of their poisonous potentiali- 
ties to man and higher animals. No tolerance has been established by 
governmentah agencies as to the amount of mercurial residue that can 
be present in foodstuffs for human consumption. During the past four 
years it has been demonstrated that certain water-miscible phenyl 
mercury compounds are effective both as protectant and eradicant 
plant disease control agents. Some have been shown to possess the 
ability to “burn out” pathogenic fungi that have already established a 
disease relationship with the host plant. Yet, at effective dosages the 
toxicant generally does not injure healthy tissues. Thus, the water- 
miscible mercurials provide the orchardist with a new agent, chiefly 
as a replacement for lime sulfur, to combat disease. This study con- 
tributes data on the quantity of mercury that may be found on apples 
from orchards sprayed under various climatic conditions. 

In order to determine the exact amount of residue retained under 
various orchard conditions, samples of fruits were assembled at the 
Rhode Island Experiment Station and subjected to chemical analysis. 
Seven lots of fruit were collected from four states in the fall of 1944 
(Table I) and 25 lots of five varieties from eight states in 1945 (Table 
II). All fruits were kept undisturbed in cold storage until the time of 
making the analysis and only sound fruits were used. 

Commercial, Food and Drug Administration, and Experiment Sta- 
tion chemists were consulted regarding the best precision method for 
measuring micro amounts of mercury ; that of Marin ( 1 ) using dithia- 
zone at pH 1.0 was chosen. Quadruplicate 500-gram samples were 
taken of each lot of apples, wiped with filter paper, and peeled. The 
filter paper and peelings were digested, under reflux, in 750 milliliter 
wide-mouthed Erlenmeyer flasks with 100 cubic centimeter each of 
concentrated HNO3 and H2SO4. The digests from the apple peelings 
were filtered and made to 500 milliliter. Digestion was completed in a 
special apparatus, which trapped water, acids, and any volatile mer- 
cury. A standard sample of mercury, digested similarly, gave a 100 
per cent recovery. The determination of mercury in the digested apple 
peelings was made on 10 and 20 milliliter aliquots. Transmittance of 
the mercury dithizonate was measured in a Coleman Universal spec- 
trophonieter at 490 mu wavelength. Results are summarized in 
Table 1. 

The 1945 samples were similarly analyzed. Some of the mercury 
values were high as compared to those obtained in 1944 and most of 
those obtained in 1945 (Table II). Consequently for comparison, 

^Contribution No. 696 of the Rhode Island Agricultural Experiment Station, 
Kingston, R. I. 
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TABLE I — Mercury Residue on Apple Fruits Sprayed with Puratized 
(Phenyl Mercuric Triethanol Ammonium Lactate) at Various 
Dosages, Times and Localities ( 1944 ) 


Fruit 

Sample 

Pungi- 

cide 

Concentra- 
tion of Toxi- 
cant 

Variety 

Loca- 

tion 

(State) 

Coopera- 

tor 

No of 
Sprays 

Elapsed 
Daysf j 

Hg^pm 
of Fruit 

1 

NSX* 

1:7500 


N. Y. 

Palmiter 

6 

— i 

0.02 

2 

N5X 

1:8620 

McIntosh 

Maine 

Folsom 

7 

56 

0.04 

3 j 

N5D 

M 0,000 

Baldwin 

R. 1. 

Howard 

5 

72 

0.06 

4 

NOD 

1 :13.(K)0 

McIntosh 

R. 1. 

Howard 

r> 

72 

0.06 

5 

NOD 

1 .20.(XK) 

Baldwin 

R. 1. 

Howard 

5 

72 

0.04 

6 

NOD 

1:16, (KK) 

Greening 

N. T. 

Daines 

2 

17 

0.19 

7 

Penmate 

1-^ Ibb./lOO 

McIntosh 

R. 1. 

Howard 

5 

72 

0.03 


♦Puratized; N5X (4.5 per cent Hr), N5D (8 7 per cent Hg). 
fWeathenng; days between last application and picking. 


analyses were also made by the Laug A.O.A.C. (2) method of dithia- 
zone extraction at pH 6.0. Twelve samples were compared and the 
averages of the resulting values are as follows : 

pH 1.0 0.001338 grains of mercury per pound of fruit or 

0.193 ppm. 

pH 6.0 0.001299 grains of mercury per pound of fruit or 

0.187 ppm. 

To check the amount of mercury normally present in apples, fruit 
j)urchased in a grocery store was rubbed and washed, and, upon 
analysis, was found to contain 0.000012 grains of mercury per pound 
(Table II, No. 25). Rhode Island Baldwin sample, (Table II, No. 
16) sprayed with lead arsenate only, contained 0.000049 grains of 
mercury per pound. These two results are in the same range and are 
considerably lower in mercury content than apples from New York 
(Table II, Nos. 11, 12, 14) which were sprayed with flotation paste 
sulfur and Fermate. 


Discussion 

In some regions water-soluble organo-mercurials (Puratized Agri- 
cultural Spray) are replacing liquid lime sulfur as an eradicant fungi- 
cide for apple scab. In commercial practice they generally have given 
best control wdien applied through the first cover spray application and 
then followed by wettable sulfur or a dithiocarbamate (Fermate). 
There arises the question of what dose of mercury, of a given organic 
form is injurious to animals and human beings. 

DeNavarre (3) states that ‘‘the human body stream can handle 
daily a few thousand gamma of mercury in the form of a soluble mer- 
curiar\ “No dangerous mercury reservoirs are formed as in the case 
of lead”. For phenyl mercury salts he indicates that an exact danger 
level cannot be given, but it pr6bably lies between 1 ppm and 20 ppm 
based on the total body weight. Legally at present any quantity of 
mercury added to fruit might cause it to be declared adulterated. 
Burkholder and Lehker (4) report that the surface of an apple at the 
calyx stage is about 0.16 square inches and about 12.5 square inches 
at maturity. Growth would thus dilute the residue 78 times if appli- 
cation of the mercurial fungicide is discontinued at the calyx stage of 


TABLE II — Mercury Residue on Apple Fruits Sprayed with 
Fungicides at Various Dosages, Times and Localities ( 1945 ) 
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Oct 1 
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Aug 31 

Oct 5 

Oct 5 

1 Oct 10 

Oct 10 

Sep 22 

Oct 10 

Sep 14 

Sep 8-13 

Sep 8-13 

Sep 8-13 

No. (Hg) 
Sprays 
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1 

Winter 

Winter 

Pyenson 
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Boyd 

Boyd 

Palmiter 

Palmiter 

Palmiter 

Palmiter 

Palmiter 

Palmiter 
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Howard 
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fruit development, as is common practice. The absolute amount of 
residue would remain except for weathering, which accounts for a 
variable degree of removal. In Texas an aqueous mercurial (1:10,- 
000) for Diplodia rot control on lemons is being used commercially. 
Reported analyses of treated fruits indicate a deposit of 1.3 to 4.6 
ppm of mercury on the peel, but washing pu^ortedly reduces this to 
zero. The residue of mercury found on apples in the Northeast sprayed 
with mercurials is several times less than the deposit on lemons, even 
though they are not usually washed before sale. 

Generalizations cannot be made, apparently, with regard to the quan- 
tity of mercury residue on fruit, the interval elapsing between the last 
application and picking time, or the number of sprays applied during 
the season. This study contributes data to help answer the question of 
how much mercury residue may be expected on apples, which may 
aid toxicologists in determining the “safeness” of such fungicides. 
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Notes on the Setting of Delicious, 1946^ 

By R. H. Roberts, University of If Wisconsin, Madison, Wis, 

P OOR crops of Delicious and its red sports are common in many or- 
chards in the Eastern United States. There are several factors 
which are known to contribute to this situation : This variety has a 
blossom structure which permits honey bees to extract nectar without 
pollinating the blossom in as many as 80 per cent of their visits (4). 
It also has short pistils which are not always touched by those bees 
which are collecting pollen. At times, at least, during the blossoming 
season, bees have a preference for other varieties. Delicious has heavy 
second and Juno drops of blossoms which have been pollinated (3). 
This '‘nutritionar* dropping is shown by the almost rare occurrence 
of two fruits on a spur. The Delicious blossom is quite subject to in- 
jury from spring frosts (5). Temperature conditions at blossom time 
(warm nights) also appear to play a role in the prevalence of poor 
yields of Delicious (6). 

A survey was made this summer to record the cropping of Delicious 
over a wide range of geographic and cultural conditions.^ Data were 
taken in 166 plantings from Arkansas to Nova Scotia (Fig. 1). Be- 
cause of frost damage, some areas as Central Ohio and Western Penn- 
sylvania were largely avoided. The procedure was to determine the 



'Published with the permission of the Director of the Agricultural Experi- 
ment Station. 

•Supported in part by a grant from Stark Bros. Nursery, Louisiana, Mo. 
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setting on Delicious trees and also on trees of other varieties, as an 
indication of the pollination and nutritional level of the orchard. Direct 
comparisons between trees or orchards should, not be made but the 
percentages set should be referred to a standard. This is because of the 
marked inverse relation of percentage of blossoming to percentage set 
(Fig. 2). That is, trees or branches with many blossoms have low 

percentages of set and 
\ those with few blossoms 

\ have high percentages of 

-i. blossoming spurs with 

X. fruits on at harvest time. 

•0 • Nw The comparisons of set- 

\ ting between orchards 

TO \ \ was made by comparing 

, '\ \ the percentage set with 

Iw \ \ the average condition for 

I \ trees of a like amount of 

\ \ blossom (Fig. 2). Like- 

I \ wise, the setting of other 

» «CT Nceoeo to oive a \ varieties was compared 

\ to the standard for De- 

s„ licious (Fig. 3). Very 

* few kinds set more poor- 

\ ly than Delicious under 

\ average orchard condi- 

\ tions. Typical cases are 

\ R. 1. Greening and 

Twenty Ounce. 

« X.,,. •“ ^ Good crops were found 

scattered throughout the 
Fig. 2. Heavy line shows the relation of bios- Fast * thp annles needod 

soming and setting of Delicious m 1944. shinning or were thinned 

Crosses indicate averages for 1946. The . ® i i 

broken line shows the percentage set many orchards. Many 
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PCHCCNTA9C lUOtSOMINO tPUAS WITH rfiUlTS 

Fig. 2. Heavy line shows the relation of blos- 
soming and setting of Delicious in 1944. 
Crosses indicate averages for 1946. The 
broken line shows the percentage set 
needed to give 22.5 per cent of total spurs 
fruiting with different amounts of blos- 
soming. 


not be confused. They 
are not the same thing. A crop is produced when approximately 20 
to 25 per cent of the total spurs on a tree bear fruits (2). The per- 
centage set refers to the number of spurs bearing fruits out of each 
hundred that produced blossoms. The percentage set needed for a 
crop varies with the amount of blossom. By reference to Fig. 2 it is 
seen that 24 jjer cent blossom set of a 90 per cent blossom would yield 
a crop, as also would a 75 per cent set of a 30 per cent blossom. These 
are actually lielow the average recorded situations. (One item is dif- 
ferent. 1 his is the quality of fruit. The grade of fruit is much better 
with the good setting of a small amount of blossom.) On branches 
which are sufficiently vigorous to have only 40 to 70 per cent of the 
spurs blossoming (Fig. 7) it is common for more than enough apples 
to set to give a good crop. With more blossoms, on weaker wood, the 
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PERCENTAGE SET COMPARED TO DELICIOUS 

Fig. 3. Diagram of average setting of different varieties compared to De- 
licious. The percentages platted are above (-[-) or below ( — ) the average 
shown in Fig. 2 (solid line). 

size of the fruit is too small. These situations explain why the data on 
Delicious cropping^ were taken in terms of set and not yields. Crops 
are not comparable because like amount of apples may result from 
widely different amounts of blossom. Percentage sets give an appar- 
ently accurate index of the pollination (and nutritional) conditions 
in the orchard. Also, there is a large difference in the amount of blos- 
som on different branches of the same tree, depending upon the vigor 
of the branch (Fig. 2). This fact makes a record of the percentages 
set important when trying to judge pollination conditions. 

The setting of Delicious was found to vary with the set of other 
varieties (Fig. 4) in the orchard. 

It became very apparent early in the survey and continued to be 
evident that the adjacent variety greatly affected the amount of apples 
on the Delicious trees (Fig. 5). The poor sets beside Duchess were 
not anticipated. Duchess pollen is known to set Delicious when applied 
manually. Until further evidence is available, it will be assumed that 
bees do not pass habitually between these varieties. 

The sets beside Winesap were in the southern edge of the apple 
region. As this variety is reported to have non-functional pollen in the 
more northern latitudes the question arises as to whether some good 
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pollen was produced this 
year by Winesap in the 
South. 

Good crops were found 
beside Rome (and its 
red sports). The appar- 
ent efficiency of this va- 
riety (and Northwest- 
ern) in producing a set 
of Delicious is believed 
to be due to the late blos- 
soming season. After 
the early varieties are 
through blossoming the 
bees work in the later 
Delicious blossoms and 
the Rome blossoms 
which are out at this 
late date. 

The significant finding 
during the survey was 
the importance of prox- 
imity of pollen source to 
the setting of Delicious. 
No poor crops of Deli- 
cious were found when 
the adjacent variety had 
a high percentage set 
(provided of course that 
this variety would pol- 
linate it). In all of the very few cases where Delicious set well at a 
distance of four or five rows from a pollen source, the other varieties 
were overloaded to where thinning was necessary if apples of good 
size were to be harvested. In no case (166 plantings) were there 
better percentage sets at a distance from a pollen source than beside 
it. Some instances were found where there were no Delicious crops 
beside a good pollinating variety. Here the Delicious had not blos- 
somed due to an off year following a heavy previous crop. The im- 
portance of distance from the pollen source is illustrated by a 25.5 
lower percentage set on the third row (59 blocks) and a 32.8 lower 
set on the fifth row (30 blocks) away from the pollinating trees. 
Again, when the pollination conditions were poor, using poor setting 
of other varieties as an indicator, the sets averaged 23.8 per cent 
lower on the far sides of the trees which stood next to the pollinating 
variety. This condition has been previously reported (4). 

The outside row where Delicious is planted on the edge of the or- 
chard regularly had somewhat better sets, as if incoming bees had 
brought pollen from a distance. 

One record of the effect of the distance from the bee hives was se- 
cured. Golden Delicious and Wealthy which overloaded near the hives 
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PC<*CtNT46E SET OF VARIETIES 

Fig. 4. Graph showing the relation of the 
setting of Delicious and other varieties in 
the same orchard (all percentages re- 
ferred to the graph of Fig. 2). The verti- 
cal distribution about the broken line 
shows the range in Delicious setting due 
to differences in i)oIlinating varieties, cul- 
ture, and so on. The correlation coefficient 
is 765, showing that there is less than one 
chance in a hundred that the correlation 
is not significant. 
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PERCENTAGE SET OF DELICIOUS BESIDE VARIETIES 
Fig. S. Thii diagram shows the way Delicious was found to have set 
when growing beside different varieties. 


had good crops 25 rows away. McIntosh was good 15 rows away, but 
poor 25 rows away and Delicious (inteq^lanted with McIntosh) was 
poor less than 10 rows from the bees. This is assumed to be another 
evidence of the greater bee visitation needed to set Delicious than is 
required for most other varieties. 

The reported poorer cropping of Delicious in recent years appears 
to be due largely to such items as the removal of fillers, the increase in 
amount of blossoms per acre with the aging of the trees and particu- 
larly to a general lack of interest in bees where such heavy-setting 
varieties as Duchess, Golden Delicious, Transparent, and Wealthy are 
grown. These greatly overload if enough bees are present to give a 
good set of even narrow blocks of Delicious. 

No evidence of geographic effect was noted although areas as Door 
County, Wisconsin averaged poor sets and no poor sets were found in 
Northeastern New England and Nova Scotia. Some of the best as well 
as the poorest sets recorded were only 3 to 4 miles apart in Door 
County depending upon bee population. In New Hampshire all De- 
licious trees bore well. There this variety was planted only as a pol- 
lenizer and all trees are surrounded by trees of one or more varieties. 
In Nova Scotia it was found that it is the habit there for no variety to 
be planted more than two rows wide. Consequently no trees lack a 
nearby pollen source. It is in the Midwest and Southeast where plant- 
ing habits result in blocks of several rows wide that dissatisfaction with 
Delicious setting is more pronounced. 



Frc. 6. Trees in poor vigor set well when well pollinated. 


The role of tree vigor and nntrition in the w«ietting of Delicious was 
found to be very interesting, hut apparently less of a determined factor 
in the variable cropping of Delicious than was nearby pollen source. 
A number of good sets of this variety were found in neglected orchards 
where vigor was low or really missing (Fig. 6). As stated in the list 
of handicaps to the setting of Delicious, this variety has poor sets of 
pollinated fruits. Good sets are not produced by good growing condi- 
tions without a good pollen supply. Many orchards in fine vigor had 
poor sets. Delicious had relatively as good sets in poorly vegetative 
orchards as did other varieties. Actual percentage setting in 19 vigor- 
ously growing orchards was 7.5 ± .97 per cent above normal (Fig. 2), 
and in 12 orchards with “starved” trees, 3.0 ± 2.07 per cent below. 
The average difference of 10.5 per cent in set between the best and the 
poorest orchards visited may be important, but it is still a relatively 
small item in accounting for the near crop failures often seen in De- 
licious. Thinning was necessary in those more vigorous orchards 
where there was abundant pollination (Fig. 7). 

One item upon which data were collected was the relation of branch 
vigor to blossoming and set and another was the role of spur vigor to 
fruiting this season. 

Fig. 8 shows the almost direct relation between the length of termi- 
nal growth on individual branches on a fruiting tree and the percentage 
of blossoms on its growing points (older spurs and new lateral spurs) 
(7). By comparing this situation with the relation of blossoming to 
set (Fig. 2), it is very clear that good fruiting of Delicious is much 
dependent upon pruning from the tree those branches with less ter- 
minal growth than about 4 inches. This would have the treble ad- 
vantage of giving better percentage sets, larger fruits and repeated 
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blossoming. This type of 
pruning has the effect of 
maintaining the tree in 
the same growth condi- 
tion that prevails during 
the first few cropping 
seasons of the young 
tree. 

Several orchards were 
visited where the reason 
for poor cropping was 
an over-vegetative con- 
dition. The trees had 
grown too much to pro- 
duce good numbers of 
blossoms. 

Observation of the 
relation of spur vigor 
to cropping this year 
proved to be very inter- 
esting. As with other 
varieties, the fruits are 
commonly borne on the 
in/o re vigorous spurs 
(1). It was found that 
this was not always the 
case this year where 
frost injury or poor pol- 
lination conditions were prominent factors in the cropping. Fig. 9 
shows typical spur development as measured by leaf numbers, of De- 
licious, McIntosh and Wealthy this year. The effect of pruning weak 
branches from Delicious trees upon increased spur vigor is also dia- 
gramed. Particular attention is called to the average lengths of the 
spur classes which have been described by Blake. For classes 1 to 4 
(9 to 6 leaves per spur) the average lengths were respectively: 14.5, 
8.4, 5.5, and 3.2 mm. With these figures in mind the actual lengths 
of spurs with fruits in typically different orchards become particularly 
interesting (Table I). 

TABLE I — Length of Delicious Spurs* Which Blossomed and Which 
Held or Dropped Their Blossoms (August, 1946) 



Fig. 7. Vigorous trees with plenty 
of pollen needed thinning. 


Orchard Crop Condition 


Average Spur Lengths (Mm)** 


With Fruits 


Without Fruits 


Good set. good pollination . 

Light crop, very poor pollination . . 
Poor set, distant from bees. . . 

(^od crop, frost in^uryf 

Same, including axillary fruits . . . 

Good crop, superior pollination . . 


9.7 

5.4 

,5.4 

8.1 

7.5 

9.7 

7.8 

7.8 

6 1 

4.9 

11.0 

6.3 


*Growth less than 20 mm or approximately ji inch in length. 

•♦Ten mm equal about % inch. 

tFrom 44 to 56 per cent crop on terminals, that is on growths over 2 inches long and as much 
as 8 per cent of the crop from axillary blossoms. 
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Tig 8 Relation of length of terminal growth of branches and blossoming, 
fruit set and apple sire, 1946 



Fig 9. Typical spur vigor of Delicious, McIntosh and Wealthy, 1946, 
as indicated by leaf numbers. 


The very obvious fact of Table I is that in orchards having poor 
pollination the apples were borne on the weaker spurs rather than the 
more vigorous ones. This is because the late-blossoming, weaker spurs 
were the ones upon which the blossoms became pollinated towards the 
close of the blossoming season. On trees having good pollination, the 
fruits were on the longer spurs as is to be expected (1). 
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On a basis of this year's observations, a solution to the problem of 
getting a good set of Delicious appears to be a matter of a nearby 
pollen source. In old established blocks of Delicious a graft could be 
set into each tree or every other tree. With new plantings, have De- 
licious no farther than one tree away from pollen ; that is, plantings of 
not more than two rows wide. 

It seems inadvisable to increase the bee population to a point suffi- 
cient to insure a set of Delicious. This procedure increases the set on 
t)ther varieties to where tliinning is needed and biennial bearing accen- 
tuated. In cases where Delicious set at a distance of a few rows from 
the pollen source, the grower had provided as many as two hives of 
bees per acre or there were large natural populations, especially of 
bumblebees. 

This year, ‘"pollination weather" was generally favorable over most 
of the East, and a ‘"good Delicious year" resulted where abundant 
pollen was available. What the set situation will be found to be in a 
season when there is a very limited pollination period must await the 
collecting of data under such a set of weather conditions. 

Summary 

Data collected in 166 blocks of Delicious from Arkansas and Minne- 
sota to Virginia and Nova Scotia gave a consistent record of good sets 
of this variety when a source of compatible pollen was adjacent to the 
Delicious (or its red sports). For example, the grower with a reputa- 
tion as a successful producer of Delicious in one state has grafts of 
McIntosh or Golden Delicious in each tree. 

Good sets of Delicious were consistently found beside late blossom- 
ing varieties as Rome (and its red sports) and Northwestern Green- 
ing. Varieties with late axillary blossoms as Golden Delicious and 
Wealthy seem to be practical sources of pollen. 

It appears to be unsafe to have Delicious more than one row away 
from a good pollen source. 

Good sets of Delicious were not well associated with tree vigor as 
some good crops were found on neglected trees in very poor growth 
condition and many well cared-for orchards with trees of proper vigor 
for good cropping bore very disappointingly few fruits. 

Spur vigor was associated with good setting only on trees with very 
good pollination conditions. Crops were borne on the weaker spurs 
when poor pollination conditions were found. This is because these 
spurs blossom later and apparently bees pollinate these if another late 
source of pollen is present as Rome or Northwestern. 

Also, trees which had their early blossoms frozen off bore tlieir 
crops on the smaller, late-blossoming spurs. 
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The "Spot” Disease of Northern Spy Apples 

By R. M. Smock, Cornell University, Ithaca, N. Y. 

N orthern Spy apples are subject to a spot disease in cold storage 
in New York. Dr. L. J. Tyler of the Plant Patholo^ Depart- 
ment, at Cornell University made a survey of storage disorders in 
apples during the 1943-44 season (2). He reported that 40 of the 61 
lots of Spies examined around New York State in cold storage had 
this disorder. In one lot inspected 47 per cent of the fruits were af- 
fected with this trouble. Tyler described the disease as follows : *‘the 
symptoms are in the form of circular to ovate brown, sharply sunken 
lesions which vary in diameter from the size of a small pencil point 
dot to slightly more than one-eighth inch. The lesions are usually 
located on the stem end and sides of the fruit and there may be 100 or 
more lesions per fruit.'’ In unpublished work Tyler found that this 
disorder was not caused by a pathogen but seemed to be physiogenic in 
nature. The trouble should not be confused with Alternaria or Phoma 
decay spots, although the symptoms are somewhat similar (Fig. 1). 

This study was undertaken to determine some of the orchard and 
storage factors which might affect this disease. 

Orchard Factors 

Effect of Ringing, Limb Shading, and Fruit Shading: — In mid -July 
of 1944 individual large scaffold limbs of three Northern Spy trees 
were ringed. Similar limbs were shaded with three thicknesses of 
cheesecloth. Similar limbs were also defoliated on each tree. On other 
limbs individual fruits were shaded with white waxed paper *‘caps.” 
The apples were stored at 40 degrees F. The results ap])ear in Table I. 

It is apparent in Table 
I that ringing was the 
only treatment which in- 
creased the spotting of 
the fruit. The other dif- 
ferences were insignifi- 
cant. 

S'*inice ritiging was 
found to increase this 
disorder in the 1944-45 
storage season, this treat- 
ment was repeated in 
July of 1946. It may be 
seen in Table I that ring- 
ing increased the trouble 
during this season also. 

Effect of Fruit Posi- 
tion in Tree: — It had 
been observed that this 
trouble was much more 
prevalent on the red or 
blushed side of the fruits 
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TABLE I — ^Effect of Ringing, Defoliation, Limb and Fkuit Shading 
ON Spot Disease of Northern Spy 


Tree No. 

Treatment 

1D44~45 

1940-47 

Per Cent Spy Spots Feb 20, 1945 

Per Cent Spy Spots Feb 26, 1947 

1 1 

Untreated 

1.53 

0.0 

1 

Ringed 

35.18 

2.0 

1 

Defoliated 

0.0 


1 

Limb sliaded 

0.0 

— 

1 

Fruit Shaded 

0.0 

— 

2 

Untreated 

2.08 

0.0 

2 

Ringed 

8.00 

16.0 

2 

Defoliated 

1.72 

— 

2 

Limb shaded 

1.72 

— 

2 

Fruit Shaded 

0.0 

— 

3 

Untreated 

0.0 

0.0 

3 

Ringed 

1 13.55 

15.0 

3 

Defoliated 

i 0.0 

— 

3 

Limb shaded 

1 0.0 


3 

Fruit shaded 

0.0 

— 


than on the unblushed side. Hence bushel samples of fruit were 
harvested in 1944 from the inside and the outside (exposed) portions 
of two trees and stored at 40 degrees F until Februar^^ 23, 194S. The 
results in Table II show that fruits from the exposed portions of the 
tree are much more subject to this trouble. These fruits, of course, had 
a higher red coloration than the shaded ones. 


TABLE II — Effect of Fruit Position in the Tree 
ON Spy Spot After Storage 


Tree No. 

Position in Tree 

Spy Spot (Per Cent) 

1 

laterior 

2 70 

1 

Outer portion 

32.14 

2 

Interior 

3 74 

2 

Outer portion 

29 36 


Effect of Fruit Maturity at Harvest Time : — Bushel samples of ap- 
ples were picked from the same trees on different dates in 1944 and 
1946. The apples were stored at 40 degrees F in 1944 and 32 degrees 
F in 1946. The results in Table III indicate that the later picked apples 
are more subject to this disorder in storage. 

Storage Factors 

Temperature : — One bushel lots of Spy apples were stored at 32 
degrees F and 40 degrees F during three seasons to determine the 


TABLE III— Effect of Time of Picking on Spy Spot After Storage 


Harvest Date 

1944-45 

Per Cent Spy Spot 

1946-47 

Per Cent Spy Spot 

Sep 22 

0.0 



Sep 29 

0.0 



Oct 6 

0.0 

0.0 

Oct 12 

0.83 

0.0 

Oct 20 

8.69 

0.0 

Oct 30 

33.04 

2.0 
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effect of these two temperatures on Spy spot. Table IV shows that 
the trouble was more prevalent at the higher temperature two years 
out of three. 


TABLE IV— Effect of Storage Temperature on Spy Spot 


Orchard 

No. 

Storage 
Temperature 
(Degrees P) 

Spy Spot (Per Cent) 

1943-44 

1944-45 

1946-47 

1 

40 



33.0 

8.5 

1 

32 

— 

5.5 

8.0 

2 

40 

25.6 

16.3 


2 

32 

3.6 

7.1 

— 


Controlled Atmosphere Storage : — ^Various carbon dioxide and oxy- 
gen combinations were used at both 32 degrees F and 40 degrees F 
to test their effect on Spy spot. The fruit was examined in March or 
April during the four year tests. Table V shows tliat with a low 


TABLE V — Effect of Controlled Atmosphere Storage on Spy Spot 


Temperature 
(Degrees F) 


CO. 


o. 


(Per Cent) 


(Per Cent) 


Firmness Lost 
During Storage 
(Pounds) 


Spy Spot 
(Per Cent) 


1943-44 


40 ] 

1 0 1 

1 21(air) I 

1 4-6 I 

1 25.6 

40 


15 

4.0 

11.7 

40 1 

1 10 1 

1 2 1 

1944-45 

1 1.3 1 

1 0.0 

32 

0 

21 (air) 

21 W 

4.8 

7.14 

40 

0 

7,5 

16.30 

40 

5 

10 

5.2 

13.20 

40 

5 

2 

0.8 

0.0 

40 

10 

2 

1945-46 

0.0 

0.0 

40 1 

1 0 

\ 21 (air) 1 

1 10.1 

1 9.37 

40 

5 


6.4 

0.0 

40 1 

1 10 

1 2 1 

1946-47 

1 6.7 

1 0.0 

32 



21 (air) 

7.4 

8.0 

32 

10 

2 

4.1* 

0.0 

40 

0 

21 (air) 

9.2 

8.5 

40 

10 

2 

3.9 1 

0.0 


♦Severe “brown heart" damage here. 


oxygen atmosphere (2 per cent) this trouble was entirely prevented 
at both 32 and 40 degrees F. Both 5 and 10 per cent of carbon dioxide 
at 40 degrees F prevented this disease when the oxygen level was at 2 
per cent. When the oxygen level was as high as 10 to 15 per cent at 
40 degrees F, there was a reduction in the disease but not control. 
It should be noted that 10 per cent carbon dioxide and 2 per cent 
oxygen at 32 degrees F, controlled the disease but resulted in severe 
brown heart damage. This is a low temperature-carbon dioxide in- 
jury. No such injury was noted at 40 degrees F. 

Controlled atmosphere storage with either 5 or 10 per cent carbon 
dioxide and 2 per cent oxygen at 40 degrees F, not only controlled 
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Spy spot but materially lengthened the storage life of the fruit as 
compared to the common practice of storage in air at 32 degrees F. 

Carbon Dioxide Treatment : — 2-busheI lot of Spy apples was 
treated during the 1946-47 season with 50 per cent carbon dioxide 
for 6 days at 40 degrees F. They were subsequently held in air at 40 
degrees F. The control apples were held continuously at 40 degrees F 
in air. On examination in early March it was found that the control 
apples had 8.5 per cent Spy sjiot and the treated apples had 2.0 per 
cent spot. This was a significant reduction in spotting, but the treat- 
ment would have no commercial usefulness because these apples were 
affected with internal carbon dioxide injury. Many areas within the 
flesh of the fruit were affected with brown, flaky, dead tissues. While 
lower concentrations of carbon dioxide might have resulted in less or 
no injury, it should be remembered that even this extreme treatment 
did not entirely control the trouble. 

Effect oj Ripe Apple Vapors : — It has been shown with the scald 
disease that the emanations from ripe apples (particularly of Mc- 
Intosh) would increase scald intensity (1). A study was made of this 
point during the 1944-45 season at 40 degrees F in air storage in 
connection with Sj^y spot. The same technique was used as has been 
described previously (1). When the vapors of 2 bushels of Northern 
Spy ajiples in one chamber were aspirated continuously over 2 bush- 
els of similar Spy apples in another chamber until February 26th 
there vras 7.82 per cent of Spy spot. When the vapors of 2 bushels of 
very ripe Mclntosli aj^ples were aspirated over 2 bushels of Spies in 
another chamIxT there was 8.75 per cent Spy spot. Hence it would 
seem in this case, at least, that the vapors of McIntosh did not in- 
crease the spotting of Spies. 

In another experiment 2 bushel lots of Spies were stored at 32 to 
34 degrees F in a mixed variety room. A second lot of Spies was 
held at 34 degrees F in a commercial storage room with mixed varie- 
ties but the air was purified with activated carbon (1). The apples 
were examined in April. The control had 7.14 per cent Spy spot and 
those in the “air purified’' room had 7.69 per cent spot. This experi- 
ment would further indicate that the Spy spot disease is not related 
to scald since scald can be reduced or controlled by air purification 
( 1 ). 


Discussion 

The Spy spot disease of apples is a physiological disorder occur- 
ring in storage on the red or blushed portion of the fruit. It seldom 
appears on the yellow p(^rtion of the fruit. It developed in storage to 
a greater extent on api)les picked from the outer or exposed parts of 
the tree. It was worse on late than early picked fruits. Ringing in- 
creased the amount of the disease. Exposed fruits (from the outer 
portion of the tree), late picked fruits, and ringed fruits are usually 
redder than other fruits. All of these factors indicate that this disease 
is associated in some way with the red coloration of the fruit. 

The disease developed to a greater extent at 40 degrees F than at 
32 degrees F two years out of three. 
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The trouble does not seem to be related to apple volatiles as is the 
apple scald disease since ripe apple vapors did not increase it in stor- 
age. Nor did air purification reduce its intensity. 

This disorder probably resembles Jonathan spot more than any 
other storage trouble. Yet the symptoms are not identical with Jona- 
than spot. 

Carbon dioxide treatment (SO per cent carbon dioxide for 6 days) 
reduced the amount of this disease but resulted in severe carbon di- 
oxide injury. 

The only practical approach to control of this trouble arising from 
this study was controlled atmosphere storage. Either 5 or 10 per 
cent carbon dioxide with 2 per cent oxygen at 40 degrees F not only 
controlled the trouble but added considerably to the storage life of the 
fruit (as compared to the usual practice of storage in air at 32 
degrees F). The use of 10 per cent of carbon dioxide and 2 per 
cent oxygen at 32 degrees F controlled the trouble but considerable 
brown heart (a low temperature — carbon dioxide disorder) was 
experienced. 
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The Influeiice of Rootslocks on the Occunrence and 
Severity of Bacterial Canker^ Pseudomonas Cerasi, 
of Stone Fruits 

By Leonard H. Day, University oj California, Davis, Calif. 

B acterial canker, more commonly known to Pacific Coast fruit 
growers as bacterial gummosis and sour sap, has apparently been 
present in parts of California for over 50 years. My observations and 
experimental work with it began in 1908 in San Benito County, Cali- 
fornia, and growers reported that it had then been present there for 
many years. It appeared to be the same gummosis trouble which I 
saw on cherries in Oregon in 1910, the causal organism of which 
Grifhn (1) named Pseudomonas cerasus. In 1914 (2) I successfully 
transferred the disease from one apricot tree to another. In the spring 
of 1919, ])r. J. T. Barrett reported the organism in the apricot or- 
chards with which I had been working in San Benito County to be 
the same as he had found in apricot trees in Riverside and Kings 
Counties. 

The most conspicuous phase of the disease is the development of 
])ark cankers on scaifold branches or on the trunks above the graft 
unions, with or without copious exudation of gum. When a branch or 
trunk is completely girdled by the disease the parts above soon wilt 
and die. That type of the disease without copious gumming the grow- 
ers commonly call sour sap. The cankers do not progress downward 
more than an inch or two below ground, and the infections seldom 
begin in the rootstock. In case of susceptible rootstocks, and with the 
graft union well above ground, the infections occasionally begin below 
the graft union. 

In 1918, Barrett (3) reported the bacterial nature of gummosis in 
apricot in Riverside and Kings Counties. The following spring I 
observed that in Kings County it was largely confined to apricot on 
myrobalan roots and that the disease was much less injurious when 
the apricots were on peach roots, and furthermore that the frequency 
of infections on apricots on apricot roots was intermediate between 
those on myrobalan and on peach. One affected orchard had trees on 
all three roots under identical soil conditions. Since that year this same 
order of frequency of infection of apricot trees on the three stocks has 
been observed many times throughout the Sacramento and San Joa- 
quin Valleys. In San Benito County it was observed to be more com- 
mon on myrobalan-rootcd trees than on those on apricot root but 
there were no apricot trees on peach roots for comparison. The dis- 
ease occasionally affects French prune trees and many times it has 
been observed that whenever they are on both myrobalan and peach 
roots under identical soil conditions it is less serious on the peach- 
rooted trees. 

In 1919, I observed what amieared to be the same disease on plum 
and cherry trees in Placer County, California, where the disease 
periodically becomes active and kills many thousands of trees. Later 
work by Goldsworthy and Smith (4) demonstrated the cause to be 
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bacterial, and in 1933 Wilson (S) reported the causal orj^anism in 
tl«tt area to be Pseudomonas cerasi. During experimental control 
work on cankers of the disease beginning in 1928, in Placer County, 
I noted that the disease on plum trees was much less common when 
on peach roots, and particularly so when the plums were top-worked 
high upon peach varieties. Several growers who noted that certain 
peach varieties were seldom injured by the disease have planted these 
varieties on peach seedling roots and after they had grown in the 
orchard 3 or 4 years, topworked them to the desired plum varieties 
Salwey is the peach variety most favored for this woik. Some of the 
trees on Salwey are now up to 16 years of age and have been practi- 
cally free from the disease. In the fruit districts of Placer County are 
many instances of peach orchards that were top-worked to plums 
many years ago and the disease is conspicuously less severe in these 
than in adjacent plum trees on myrobalan roots. 

Peach seedlings are usually more resistant than myrobalan seedlings 
and Marianna plum but are not uniformly free from the disease 
Susceptible plum varieties topworked in the orchard upon myrobalan 
seedlings and upon Marianna plum arc perhaps not more free from 
the disease than are those worked at the ground on these same stocks 
Santa Rosa, Duarte and President plums are particularly susceptible 
to the disease, whereas Kelsey and Beauty are seldom injured, regard- 
less of the rootstocks upon which they are growing 

In 1933, it was noted in orchards lielong to the Penrvn Fruit Com- 
pany, Placer County, that Santa Rosa and Duarte plums originally 
planted on peach roots, but which had grown strong plum scion roots 
above the unions, were more susceptible to bacterial canker (in the 
scaffolds and trunks) than were those which remained entirely on 
peach roots In the spring of 1935, I furnished this grower with 30 
Santa Rosa trees grown on their own roots bv cuttings and by layer- 
ing These were used as replants in a Santa Rosa orchard on myro- 
balan roots in which the disease had been killing trees over a period of 
many years and in which in 1932 replanting with Santa Rosa on peach 
roots was commenced. The own-rooted Santa Rosa trees grew well 
but were very subject to bacterial canker, and by the end of the spring 
of 1938 all of them had been killed by the disease, whereas only a 
small number of the replants on peach roots had been injured. 

In the spring of 1938, one grower cut off the scion roots of Santa 
Rosa and Duarte trees which were originally planted on peach roots 
This treatment has apparently prevented further serious injury though 
the disease is continuing to kill trees in adjacent orchards. This grow- 
er reports that scion-rooted Santa Rosa trees are not as fruitful as 
those remaining on peach roots, and that the fruit is not so large. 
Several other growers are so convinced of the good results accruing 
from cutting off scion roots in this orchard that they are adopting the 
practice with trees in which the scion roots have not become too large 
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Internal Temperatures of Plants 

By Richard Hopp, University of Neza; Hampshire, 
Durham, N. H, 

W HEN speaking of the effects of temperature on plants or plant 
growth we are accustomed to using air temperature as a criterion, 
temperatures which are measured with sheltered equipment, protected 
from sudden climatic changes and influences. The knowledge of in- 
ternal temperatures of plants and plant parts, especially with vege- 
table crops, and their relation to the environment, is as yet rather 
limited. Since plants, unlike warm-blooded animals, have no mecha- 
nism for controlling their own temperature independent of the en- 
vironment it is generally assumed that plants or plant parts have 
approximately the same temperature as their surroundings. Until 
recently it has not been possible to make accurate and continuous 
temperature recordings in localized areas of living tissue. With the 
perfection of thermo-electric equipment and the use of thermocouples 
connected with a potentiometer, studies in this field have become 
possible. Eggert (1) reported the installation of thermocouples for 
biological research. 

Work in the Horticultural Department at the University of New 
Hampshire in recent years has been carried out on cambium tem- 
peratures of peach, apple and maple trees. Considerable differences 
in temperature between cambium and air were recorded during peri- 
ods of sunshine, particularly on the south side of apple trees. This 
phase of the work was reported on by Latimer in a preceding paper 
( 2 ). 

As far as vegetables are concerned, preliminary work was conducted 
by the author early in 1946 under greenhouse conditions, using a 
Leeds and Northrup Microniax recorder with eight copper-constantan 
thermocouples. Beans, tomatoes and strawberries were used and it 
was noted that in day time during dull and cloudy weather the in- 
ternal tempei'atures differed only slightly, if at all, frotn the tempera- 
ture of the surrounding air; the plant parts being generally a few 
degrees warmer. At night the plant parts usually were cooler than the 
surrounding air, the differences amounting to as much as 4 degrees 
Fahrenheit, particularly during the 2 or 3 hours before dawn. Marked 
plus differences, however, were observed during periods of bright 
sunshine inside bean pods, tomatoes and strawberries. The most strik- 
ing observation was the response of the growling bean pod to direct 
sunlight. Almost as soon as the sun hit it, the temperature inside the 
pod started to rise, reaching in a short time as much as 10 to 20 de- 
grees F above the air temperature. In some extreme cases the tem- 
perature inside the bean pod was 24 degrees F higher. Conversely, 
the temperature differences diminished to the normal 2 or 3 degrees 
soon after the pod was no longer in the direct sunlight. Stem and 
petiole also showed higher temperatures, although the fluctuations 
were not as pronounced as with the pods. Strawberries and tomatoes 
showed similar responses. 
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These greenhouse observations led to the planning of more com- 
prehensive studies outdoors during the past season, using several 
kinds of vegetables. Temperatures were measured inside fruiting or- 
gans, such as bean and pea pods, tomatoes, ears of corn, summer and 
winter squash, cucumbers ; inside stems and petioles of various plants ; 
inside heads of lettuce; and inside radish and turnip roots. Simul- 
taneously continuous temperature records were taken of the environ- 
ment including air, surface of the ground, and 4 inches deep in the soil. 

In these outdoor studies substantially the same results were ob- 
tained as under greenhouse conditions, that is plant parts, particularly 
fruiting organs, warmed up considerably above air temperature when 
exposed to sunlight, with differences as high as 20 degrees F and 
more above air temperature being recorded. The following are a few 
examples of temperature differences observed: 

Tomato (fruit) 

106 degrees F, air 83 degrees F, difference 23 degrees F 

Pea pod 

96 degrees F, air 82 degrees F, difference 14 degrees F 

Winter squash 

96 degrees F, air 75 degrees F, difference 21 degrees F 

Summer squash 

87 degrees F, air 66 degrees F, difference 21 degrees F 

Differences in temperature of opposite sides of plant parts were 
observed, the side exposed to the sun being generally 5 to 7 degrees F 
warmer than the off side. For example, the temperature inside a pea 
pod on the side exposed to the sun registered 87 degrees F, and on 
the side away from the sun 82 degrees F. Similarly, the petiole of a 
squash leaf showed a temperature of 91 degrees F on the exposed 
side and 83 degrees F on the shaded side when the air temperature 
was 81 degrees F. 

Temperature changes inside roots of radish and turnip, measured 
at soil level, are less affected by fluctuations of the air temperature 
but rather by those of the soil. 

Temperatures of head lettuce were recorded as an example of a 
compact leafy structure. The temperature inside the headed lettuce 
remained consistently below that of the air with differences up to 8 
to 10 degrees F. When the air temperature was 83 degrees F, for 
example, the temperature inside the lettuce was 77 degrees F while a 
tomato growing adjacent to it registered 106 degrees F. 

The rate of warming up or cooling off varies in the fruits of differ- 
ent plants. The internal temperature of bean pods, pea pods, and ears 
of corn increases more rapidly than that of cucumber or squash when 
exposed to the sun. Conversely, a fniit such as squash will retain heat 
considerably longer and therefore cools more slowly than the air. Its 
internal temperature does not drop to air temperature until the fol- 
lowing morning, about 6 a, m., at a time when the air begins to warm 
up again ; consequently, the squash may stay cooler than the air for 
a few hours. 



HOPP : INTERNAL TEMPERATURE lOS 

More detailed data of some typical outdoor observations are given 
in Tables I to III. 

The obvious effect of direct sunlight on internal plant temperatures 
has since led to experiments in which plants were illuminated with 
light from different sources : ordinary electric bulbs, ultraviolet light, 


TABLE I — Temperature Inside Ripe Tomato Compared 
WITH Air Temperature (Degrees F) 


Sep 7. 1940 

Tomato 

Air 

Difference 

6am 

50 

53 

-^3 

7am.. . . ... 

52 

54 

~2 

Sam 

.-iS 

56 

2 

9am. : 

65 

63 

2 

lOam*. . . . 

78 

70 

8 

11 a m* . . 

90 

76 

14 

Noon* 

97 I 

80 

17 

1 p m* ..... 

99 

81 

18 

2 p m*. . .... 

97 

83 

14 

3 pm*.. 

93 

82 

11 

4pm 

88 

82 

6 

6pm ... 

82 

81 

1 

6pm 

80 

78 

2 


♦Sunshine . 


TABLE II — Temperature Inside Winter Squash (Buttercup) 
Compared with Air Temperature (Degrees F) 


Sep 4-5, 1946 

Squash . 

Air 

Difference 

Noon . . ... . .... 

68 

70 

-8 

12:30 pm. 

72 

78 

—6 

1 ’.00 p m . . . 

76 

78 

-2 

1 ;30 p m ... 

88 

81 

7 

2:00 pm* ... 

92 

76 

16 

2:30 p m*. . . . 

96 

75 

21 

3:00 pm* 

90 

1 74 

16 

4:00 p m* . 

86 

71 

15 

6:00 pm* 

81 

66 

15 

6:00 pm 

75 

64 

11 

9:00 pm... 

57 

no 

7 

12:00 pm . 

50 

40 

4 

3:00 am.... 

47 

44 

3 

6:00 am. 

46 

44 

2 


♦Sunshine. 


TABLE III — Temperature Inside Ripe Tomato and Lettuce Compared 
WITH Air Temperature (Degrees F) 


Sep 16-17, 1946 

Tomato 

Lettuce 

Air 

DiflFerence 

Tomato /Air 

Lettuce /Air 

Noon* . . . 

99 

75 

80 

19 

-5 

1 p m*. 

106 

77 

83 

23 

-6 

2 pm*,, 

105 

78 

83 

22 

-5 

3pm 

91 

76 

82 

9 

—6 

4pm 

84 

71 

81 

3 

-10 

6pm 

78 

69 

70 

2 

-7 

6pm,. 

72 

64 

70 

2 

-6 

7pm 

67 

60 

63 

4 

-3 

8pm 

62 

56 

59 

3 

"3 

9pm 

57 

52 

54 

3 

-2 

10 p m 

54 

52 

54 

0 

-2 

11 p m 

52 

50 

52 

0 

-2 

12 p m 

50 

48 

49 

1 

-1 

3am 

45 

44 

45 

0 

-1 

6am 

42 

43 

44 

-2 

-1 


♦Sunshine. 
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and infrared light. Briefly, the results thus far show that incr^ses 
in the internal temperature comparable to those resulting from direct 
sunlight are obtained by the use of infrared light. With a standard 
commercial 250 watt infrared bulb placed 2 feet from a tomato grow- 
ing in the greenhouse the temperature of the tomato fruit was raised 
as much as 17 degrees above air temperature (Table IV and Fig. 1). 
This effect could be induced at night and at day time during dull, 
cloudy weather. 



Fig. 1. Temperature of tomato under infrared light compared with air tem- 
perature (in greenhouse) December 10 to 11, 1946. Illumination started 
3:30 P.M. 


TABLE IV — Temi’ekaturh: Inside Green Tomatoes Compared with Air 
Temperature (Degree F), 250 Watt Initiared Bulb, 24 Inches from 
Fruit 



Illuminated Plant 

Check Plant 

Difference Between 

Dec 10-n. 1040 

Tomato 

(1) 

Air 

(2) 

Tomato 

3) 

Air 

(4) 

Column 

1 and 2 

Column 

1 and 4 

3:30 p m 

Light turned on: 

58.5 

57.0 

56.0 

55.0 

1.5 

2.5 

4:00 pm 

64 0 

.58.0 

56.0 

* 56.0 

6.0 

8.0 

5:00 pm 

71.0 

64.0 

58.0 

60.0 

7.0 

n.o 

6:00 pm 

75.5 

66 0 

61.0 

63.0 

9.5 

12.5 

7 :00 p m 

78.0 

66 0 

62.5 

63.5 

13.0 

14.5 

8:00 pm 

78.5 

08.0 

63.5 

66.0 

10.6 

12.5 

9K)0 pm 

79.0 

06.0 

64 0 

64.0 

13.0 

15.0 

lOKK) pm 

79.5 

60.0 

64.0 

64.0 

13.6 

15.5 

1 1 :00 p m 

79 0 

66.5 

04.0 

64.5 

13.5 

14.5 

12:00 pm 

80.0 

06.6 

64.0 

64.0 

14.5 

16.0 

1 :00 am 

78.5 

64.0 

63.0 

63.0 

14.5 

15.5 

2:00 am 

76.5 

62.5 

62.5 

61.0 

14.0 

15.5 

3.00 am 

75.0 

61.0 

60.0 

58.0 

14.0 

17.0 

4;00 am 

73.0 

58.0 

58 0 

66.0 

15.0 

17.0 

5:00 am 

71.0 

67.0 

56.0 

53.5 

14.0 

17.5 

6:00 am.. 

70.0 

55.0 

53.5 

52.5 

16.0 

17.5 
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During one night in which the air temperature outdoors went as 
low as 23 degrees F, a tomato was kept from freezing witli a 250 watt 
infmred bulb. During that night the temperature inside the illuminated 
fruit did not go below 40 degrees F (Table V and Fig, 2). 


TABLE V — Temperature Inside Green Tomatoes Compared with Air 
Temperature (Degree F), 250 Watt Infrared Bulb, 12 Inches from 
Fruit; Outdoors 


Dec 13-14, 1946 

Illuminated Plant 

Check Plant 

Difference Between 

Tomato 

0) 

Air 

(2) 

Tomato 

(3) 

Air 

(4) 

Column 

1 and 2 

CoUxnm 

1 and 4 

4:00 pm 

Light turned on 4:16 p m 

42.0 

41.0 

42.0 

39.0 

1.0 

3.0 

6:00 pm 

44.5 

38.0 

36.5 

36.5 

6.5 

8.0 

6:00 pm 

45.0 

37.0 

34.5 

35.0 

8.0 

10.0 

7:00 pm 

45.0 

35.0 

33.0 

33.5 

10.0 

11.5 

8:00 pm 

42.0 

34.5 

32.0 

32.0 

7.5 

10.0 

9:00 pm 

42.6 

33.5 

31.0 

31.0 

9 0 

11.5 

10:00 pm 

41.5 

32.0 

30.5 

29.0 

9.5 

12.5 

1 1 :00 p m 

41.0 

32.0 

31 0 

29.0 

90 

12.0 

12:00 pm 

45.0 

31.5 

31.0 

27.0 

13.6 

18 0 

1:00 am 

44.5 

31.0 

30.0 

27 0 

14.5 

17.5 

2:00 am ... 

46.0 

32.0 

30.0 

26.0 

14.0 

20.0 

3:00 am 

48.0 

31.0 

30.0 

20.5 

17 0 

21 5 

4:00 am.. 

41.5 

30.0 

30 0 

25 5 

11.5 

16.0 

5:00 am.. 

I 41.0 

30.0 

29.0 

25.0 

11.0 

16.0 

5:30 am 

41.0 

28.0 

29.0 

24 5 

13.0 

16.5 

6:00 am 

42.5 

29.0 

29 0 

24.0 

I 13.6 

18.5 

6:30 am 

44.0 

29.0 

29.0 

25.0 

15.0 

10.0 

7 :00 a m 

45,0 

30.5 

29.0 

25.0 

14.5 

20.0 

7:30 a m 

44.0 

27.5 

28.0 

I 23.0 

16.5 

21.0 

8:00 a m . 

44.0 

30.0 

27.0 

25.0 

14.0 

19.0 



Fig. 2. Temperature of tomato under infrared light compared with air tem- 
perature (outdoors), December 13 to 14, 1946. Air temperature during 
the night went down to 23 degrees F, tomato remained above 40 degrees F. 
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These are some of the observations to date. It appears that our 
conception of plant temperature in relation to the environment may 
have to undergo some revision. Cells or tissues have their own tem- 
perature which may be different from the air temperature during the 
hours of sunshine. On sunny days, weather station records tell us 
little about the actual temperature conditions under which plant parts 
function. When a tomato plant grows in soil of 70 degrees F while the 
air is 80 degrees F, the ground surface 90 degrees F and the tem- 
perature inside the ripe tomato 100 degrees F, it can hardly be said 
that the internal temperature of the plant is ‘'approximately the same 
as the temperature of its surroundings’*. 
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Some Requirements of McIntosh Apples in 
Controlled Atmosphere Storage 

By R. M. Smock, Cornell University, Ithaca, N, V, 

T he general requirements of New York apples to be stored in con- 
trolled atmosphere storage have been described (1, 2, 3, 7). The 
technique has been adopted commercially on a limited scale in New 
York and New England for McIntosh apples. Since the procedure of 
controlled atmosphere storage has been tested over a 9-year period it 
seems worthwhile to summarize the comparative value of this tech- 
nique as compared to storage in air at 32 degrees F. Since the adop- 
tion of this practice commercially, several questions have arisen which 
were not answered by the earlier work. 

One question which has arisen was that of the exact oxygen, carbon 
dioxide, and temperature requirements for McIntosh. Was the recom- 
mendation of 5 per cent carbon dioxide and 2 per cent oxygen at 40 
degrees F the “last word’’ for this variety. Another question which 
arose was : “could decay be controlled by using this procedure ?” An- 
other question was “how may scald best be controlled in this type of 
storage?” Still another question was “what is the effect of delayed 
storage at 32 degrees F before sealing up the room and starting con- 
trolled atmosphere storage?” 


Methods 

The methods used in conducting these experiments were essentially 
those reported in earlier publications (1, 2, 3, 7). Where modifica- 
tions of these methods were employed they are noted in the text. 

Two-bushel lots of apples were used for each treatment. 

Comparative Value of Controlled Atmosphere Storage Versus 
Cold Storage in Air at 32 Degrees for McIntosh 

Table I indicates the relative value of storing McIntosh apples in 
5 per cent carbon dioxide and 2 per cent oxygen at 40 degrees over a 
period of 9 years. The expression “days storage life added” is only an 
approximation. Its method of calculation has already been described 
(4). It will be noted in Table I that controlled atmosphere storage 
definitely slowed down firmness losses in storage when compared with 
ordinary cold storage at 32 degrees F. It will also be observed that 
fruit response was better some years than others. Table I also shows 
that controlled atmosphere storage controlled the brown core disease 
in all years but one (6). 

Atmospheric and Temperature Requirements of McIntosh 
IN Controlled Atmosphere Storage 

As a result of earlier studies (1, 2, 3, 5, 7) it was found that an at- 
mosphere of 5 per cent carbon dioxide and 2 per cent oxygen at a 
temperature of 40 degrees F seemed optimum for McIntosh. The 
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TABLE I — Nine Years* Results with McIntosh Apples in Controlled 
Atmospheres at 40 Degrees Compared with Storage in Air at 32 
Degrees F 


Temp 

(Degrees P) 

CO, 

(Per Cent) 

0 . 

(Per Cent) 

Firmness Lost 
During Storage 
(Pounds) 

Brown Core 
(Per Cent) 

Days Storage 
Lite Added* 

32 


Air 


Match /, T939i 
\ 5.5 1 

1 55 1 


40 

5 1 

2 


1 3.0 1 

1 0 1 

80 

32 


Air 

1 

May I, 1940 

5.8 1 

0 1 


40 

1 

2 

1 

4 9 1 

0 1 

42 

32 

1 

Air 

March o, i 04 i 

1 4.0 1 

53 j 


40 

5 1 

2 

1 

19 I 

10 1 

83 

32 


Air 

May j, JQ4J 

1 5.5 I 

30 ( 


40 

5 1 

2 

i 

2.9 1 

0 1 

96 

32 

1 

Air 

May 5 , t 04 j 

1 0.7 1 

73 1 


40 

r> I 

2 

1 

4 4 1 

0 1 

74 

32 


Air 

March 7 , 1044 

1 5.8 1 

37 1 


40 

fi 1 

2 

1 

3.4 1 

0 1 

65 

32 

1 

Air 

Apttl in. IQ45 

1 6 3 1 

52 1 


40 

5 1 

2 

1 

1.2 I 

0 1 

150 

32 

— I 

Air 

May r, 1946 

1 74 I 

66 1 


40 

5 1 

2 

i 

57 1 

0 1 

48 

32 


Air 

March j, 1947 

1 6.6 1 

40 1 


40 

5 1 

3 

1 

2.8 ! 

0 1 

81 


♦Days storage life added as a result of controlled atmosphere storage when compared to air 
in 32 degiees P. 

tDate out of storage. 


question has been raised however whether all possibilities had been 
explored. Hence, further trials have been made on various carbon 
dioxide and oxygen mixtures at both 32 degrees and 40 degrees F. 
Tables II and III show the combinations used and the results obtained 
with McIntosh. 

These tables show that while this variety may be kept firmer in con- 
trolled atmosphere storage at 32 than at 40 degrees that brown core 
and internal browning were experienced at the lower temperatures. 
Quality was also poor in the fruits stored at 32 degrees in various 
carbon dioxide and oxygen mixtures. 

The effects of carbon dioxide level on carbon dioxide injury are 
apparent in Table II. Injury was greater at 32 than at 40 degrees F 
and increased in amount with increasing carbon dioxide percentages. 

Both Tables II and III suggest that no improvement can be sug- 
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TABLE II — ^Atmospheric and Temperature Requirements of McIntosh 
Apples in Controlled Atmosphere Storage 1944-45 


Temp. 
(Degrees F) 

CO, 

(PerCTOt)j 

0, 

(Per Cent) 

Firm- 
ness 
Lost in 
Storage 
(Pounds) 

CO, , 
Injury 
(Per Cent) 

Brown 

Core 

(Percent) 

Brown 

Heart 

(Percent) 

Eating 

Quality 

Days 

Storage 

Life 

Added* 




April 10 , IQ4S 




32 

— 

Air 

6.3 

0.0 

52 

0 

Poor 

— 

32 

5 

2 

0.6 

1.0 

6 

29 

Very poor 

0 

32 

10 

2 

1.1 

73.0 

14 

61 

Very poor 

0 

40 

— . 

Air 

9.6 

0.0 

0 

0 

Mealy 

0 

40 

5 

10 

7,3 

0.5 

0 

0 

Poor 

0 

40 

10 

10 

67 

5.0 

0 

0 

Poor 

0 

40 

14 

10 

7.8 

36 0 

32 

49 

Very poor 

0 

40 

5 

2 

1 2 

2.0 

0 

0 

Good 

150 

40 

10 

2 

1 4 

5.0 

0 

11 

Good 

140 


♦Compared to 32 degrees F air. 


TABLE III — Atmospheric and Temperature Requirements of McIntosh 
Apples in Controlled Atmosphere Storage 1946-47 


Temp. 
(Degrees F) 

CO, 

(Per Cent) 

0, 

(Per Cent) 

Firmness Lost 
in Storage 
(Pounds) 

Brown 

Core 

(Per Cent) 

Brown 
Heart 
(Per Cent) 

Eating 

Quality 

Days 

Storage 

Life 

Added 


March 3, 104 ? 


32 



Air 

5.7 

40 

0 

Pair 

0 

32 

2 

3 

2.6 

0 

34 

Poor 

0 

32 

5 

3 

3.8 

4 

42 

Poor 

0 

40 

— 

Air 

6.6 

0 

0 

Mealy 

0 

40 

2 

3 

■* 36 

0 

0 

Excellent 

61 

40 

5 

3 

2.8 

0 

0 I 

Excellent 

81 


gested at the present time over the former recommendation of 5 per 
cent carbon dioxide and 2 to 3 per cent oxygen at 40 degrees F. 

On the basis of commercial results it is suggested that the oxygen 
level not be allowed to go below 2.5 per cent. In some of the larger 
commercial controlled atmosphere storage rooms, some low oxygen 
injury has been apparent on the more mature fruits. This seems to 
have resulted from poor circulation of the atmosphere in some parts 
of the room. This factor became critical when the operator was oper- 
ating at 1.5 to 2.0 per cent oxygen levels. As a safety measure it 
would seem wiser then to operate with 2.5 to 3.0 per cent oxygen in 
commercial practice. 

Although the results are not presented here, experiments were con- 
ducted during the 1941-42 and 1942-43 season in which 5 per cent 
carbon dioxide was used for 1, 2, 3, and 4 months and then raised to 
10 per cent. These treatments were compared to continuous exposure 
to 5 per cent carbon dioxide. The oxygen level was 2 per cent in all 
cases. There seemed to be no advantage in any of these treatments 
over continuous operation at 5 per cent carbon dioxide. 

Two points, at least, need further study in this connection. In some 
years 5 per cent or more of carbon dioxide injury has been noted on 
the less mature fruits held in 5 per cent carbon dioxide. A study 
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should be made of the possibility of using a lower carbon dioxide 
level (such as 2 or 3 per cent) for 1, 2, 3, and 4 months and then 
allowing the level to rise to 5 per cent in an attempt to escape the 
carbon dioxide injury that occurs in occasional years. 

All of the Cornell studies to date have included temperatures of 32, 
36, and 40 degrees F in controlled atmosphere storage. This study 
and a previous study (2) have shown that 32 and 36 degrees F were 
too low. The question remains as to how close to 36 degrees F one 
can come without any undesirable effects. If a temperature of 38 
degrees F could be employed safely, it should result in longer keeping 
than at 40 degrees F. 

Effect of Dfxay in Storage 

The question has arisen commercially as to the loss in benefit that 
might occur if apples were held after picking in 32 degrees F air for 1 
or 2 months before controlled atmosphere storage was started. Table 
IV shows that even a delay of 1 month at 32 degrees F in air makes a 


TABLE IV — ^Effect of Delay in Storage at 32 Degrees F in Air Prior 
TO Storage in 5 Per Cent Carbon Dioxide and 2 Per Cent at 40 
Degrees F (Examined April 13, 1943) 


1 

Treatment 

Firmness Lost 
in Storage 
(Pounds) 

Days Storage 
Life Added* 

Immediate storage in controlled atmospheres 

1.4 

130 

Delay of 1 month at 32 degrees in air 

3.4 

25 

Delay of 2 months at 32 degrees in air . . . ... 

3.7 

5 

32 degrees air continuously 

3.9 

— 


♦Days storage life added with controlled atmosphere storage when compared to storage in 
32 degrees F air. 


significant difference in the keeping quality of controlled atmosphere 
McIntosh. During the 1947-48 season delays of 1,2, and 3 weeks are 
being studied. 

Effect of Rough Handling 

The question has arisen as to the effect of controlled atmosphere 
storage on decay of fruit with skin punctures. A study was made of a 
lot of McIntosh that had suffered some hail injury. This hail-damaged 
fruit is usually quite subject to decay. In addition,, half of the fruit 
was given one skin puncture per fruit with a sharp instrument. This 
fruit was then stored in 32 degrees air and in 5 per cent carbon dioxide 
with 2 ])er cent oxygen at 40 degrees F. Table V indicates that this 


TABLE V — Effect of International Skin Punctures on Decay 
OF^ McIntosh (Examined May 1, 1946) 


Treatment 

Storage Treatment 

Decay 
(Per Cent) 

Normal . 

32 degrees air 

10 0 

Punctured . .... 

32 degrees air 

100.0 

Normal 

40 degrees, 6 per cent CO* — 2 per cent O* 

11.1 

Punctured , 

50 degrees, 6 per cent CO*— 2 per cent 0» 

73.97 
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hail^damaged fruit was quite subject to decay even when not punc- 
tured intentionally. The skin puncturing did greatly increase the decay 
but the increase was less in controlled atmosphere storage than in 
ordinary cold storage. This study would suggest that though con- 
trolled atmosphere storage may reduce the amount of decay during 
storage, fruits may nevertheless decay in such storage when they 
have skin punctures. 

Some Factors in Controlled Atmosphere Storage Affecting 
THE Scald Disease 

Effect of Rate of Oxygen Decrease: — It is usually stated that scald 
is worse in controlled atmosphere storage on a given variety than in 
ordinary cold storage. This may or may not be true. One of the fac- 
tors determining the intensity of scald during storage in controlled 
atmospheres seems to be the rate at which oxygen drops from the 
normal of 21 per cent (in air) to 2 per cent. In some preliminary work 
with Rhode Island Greening it was shown that scald after storage was 
46.29 per cent when the oxygen was dropped to 2 per cent within 1 
week. When it was dropped to 2 per cent over a period of 4 weeks 
there was 98.44 per cent scald. With this point in mind an experiment 
was set up with McIntosh which were to be held in 5 per cent carbon 
dioxide and 2 per cent oxygen at 40 degrees. 

In one gas-tight 5S-gallon capacity chamber 2 bushels of McIntosh 
were placed. In a second chamber of the same size Sj/z bushels were 
placed. Oxygen dropped to 2 per cent within about 2 weeks in the 
latter chamber and it required over 4 weeks to drop to 2 per cent in 
the first chamber. After storage (March 3, 1947) there was 50 per 
cent scald on the McIntosh apples with the 4 weeks oxygen drop to 
2 per cent. There was 1.0 per cent scald on the apples with the 2 week 
drop to 2 per cent. This emphasizes the necessity of having a rai)id 
oxygen drop in controlled atmosphere storage. This may be accom- 
plished when the room is gas tight and when it is filled to capacity 
with fruit. 

Effect of Air Purification in Controlled Atmospheres: — The possi- 
bility of using air purification with activated carbon for scald control 
has been outlined in detail in another publication (6). An experiment 
was set up during the 1946-47 season to check on previous results 
with this method of scald control. Two bushels of McIntosh were 
stored in each of two 5S-gallon capacity chambers. The atmosphere of 
one was circulated through 80 grams of activated coconut shell car- 
bon. The atmosphere of the other was circulated, but no carbon was 
used. The control fruit when examined on March 3, 1947 had 28.2 
per cent scald. The fruit treated with air purification had only 1.7 per 
cent scald. 

Air purification would seem to be the answer to the scald problem 
in controlled atmosphere storage. It is cheaper to use than oiled paper. 
Only one failure has been experienced with this procedure in com- 
mercial controlled atmosphere storage. In this particular case the 
oxygen drop was very slow and never dropped below 10 per cent. 
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Summary 

The comparative value of controlled atmosphere storage at 40 de- 
grees versus storage in air at 32 degrees F has been summarized for a 
9-year period for New York McIntosh. 

Temperature and atmosphere requirements of McIntosh have been 
explored further. The combination of 5 per cent carbon dioxide and 
2 to 3 per cent oxygen at 40 degrees F still seems to be the optimum 
of all those studied. 

The controlled atmosphere storage should be sealed up as soon as 
{possible. A delay of 1 month at 32 degrees F in air had a marked 
eiTect in lessening the value of controlled atmospheres. 

While controlled atmosphere storage may reduce decay on fruits 
with skin punctures it will certainly not control it. 

The more rapidly the oxygen level drops in controlled atmosphere 
storage, the less will be the scald. This emphasizes the need of full and 
gas tight rooms. 

Scald can be satisfactorily prevented in controlled atmosphere stor- 
age by means of air purification witli activated coconut shell carbon. 
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Effect of Frequency and Method of Cultivation on the 
Growth of One-Year-Old Tung Trees 

By Matthew Drosdoff, Elwood G. Fisher, and Judson H. 
Lassiter, [/. S, Department oj Agriculture, Gainesville, Fla, 

I N a previous study (1) with transplanted l-year old tung trees 
growing on Norfolk fine sand, it was found that frequent spading 
throughout most of the growing season produced a greater response 
in the growth of the trees than either watering or adequate fertiliza- 
tion. It appeared that there was some important factor other than lack 
of moisture or nutrients that was retarding the growth of the uncul- 
tivated trees. 

In order to get more information on this point an experiment was 
set up to determine whether the beneficial effects of cultivation were 
due primarily to keeping the soil free of weeds or to stirring of the 
soil. 


Experimental Procedure 

Two locations were chosen, one near Ocala, Florida, on Norfolk 
fine sand adjacent to the previous year’s experiment ( 1 ) and one near 
Plague, Plorida, on Gainesville fine sandy loam. 

At Ocala on February 20, 1946, seedling and budded nursery trees 
were planted about 5 feet apart in three rows 30 feet part. The seed- 
ling trees were 1 year old and the budded trees had 1 -year-old tops 
and 2-year-old roots. All trees were cut back to 6 or 8 inches and one 
bud was allowed to develop. Each plot consisted of two seedling and 
two budded trees of variety P-99, and a 10-foot space was left be- 
tween plots in the row. The planting consisted of 27 plots to which 
nine treatments were assigned, as given below, thus making three rep- 
lications in randomized block design. 

Treatment 1: — Spading (soil turned to a depth of 6 to 8 inches) 
every 2 weeks up to and including October 15. 

Treatment 2: — Hoeing (soil turned to a depth of 3 to 4 inches) 
every 2 weeks up to and including October 15. 

Treatment 3: — Flat hoeing (weeds cut at ground surface without 
disturbing the soil) every 2 weeks up to and including October 15. 

Treatment 4: — Spading every 2 weeks up to and including June 15 
(soil turned to a depth of 6 to 8 inches). 

Treatment 5: — Hoeing every 2 weeks up to and including June 15 
(soil turned to a depth of 3 to 4 inches). 

Treatment 6: — Flat hoeing every 2 weeks up to and including June 
15 (weeds cut at ground surface without disturbing the soil). 

Treatment 7: — Infrequent hoeing; April 15, May 27, August 5, 
and September 4 (soil turned at a depth of 3 to 4 inches). 

Treatment 8: — Mulch-mixture of about half pine straw and half 
Alyce clover hay 10 to 12 inches deep weighing about 15 pounds 
placed within a 2-foot radius of the tree. An additional 4-inch applica- 
tion of pine straw (about 5 pounds) was made in the middle of the 
season. 
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Treatment 9 : — Spading every 4 weeks up to and including' June 
15 (soil turned at a depth of 6 to 8 inches). 

All treatments except mulch were used on an area within a 3-foot 
radius of the tree and were started on April 4, 1946 after growth had 
begun. On April 18 a soil application was made of pound per tree 
of 6-6-6 fertilizer containing the equivalent of 4 per cent of MgO, 
1.50 per cent of ZnO, 0.50 per cent of MnO, 0.50 per cent of CuO, and 
0.50 per cent of FeO, all present as sulfates, and 0.20 per cent of 
B 2 O 8 as borax. Another application of % pound per tree was made 
on June 11. 

At the Hague location there were enough seedling and budded trees 
of variety F-99 for only 21 plots to which were assigned treatments 1 
to 7, inclusive, making three replications in a randomized block de- 
sign. The trees in these plots were planted at the same time and were 
handled approximately the same as those in the Ocala location except 
that no June application of fertilizer was made. 


Results and Discussion 

The length of trunk, its circumference at 4 inches above the base, 
and the length of the primary branches were measured on November 
1. The trees at Hague had made a greater, but considerably more 
variable growth than those at Ocala. At l)oth locations the budded 
trees exceeded the seedlings in length of trunk and in weighted top 
growth (length of trunk plus one-half the total length of the side 
branches), but not in cross-sectional area of the trunk. Analysis of the 
data showed that in no case was there any statistically significant 
interaction between type of tree and treatment ; that is, the treatments 
had relatively the same effects on seedlings and budded trees. There- 
fore data on growth, presented in Table I, are averages for seedlings 
and budded trees. 

It is readily apparent that at both locations the infrequent hoeing 
resulted in much poorer growth than any other treatment. At Ocala 
spading every 4 weeks until June 15 produced better growth than 
infrequent hoeing, the differences in top gro'wth being statistically 
significant at or near the .01 level and the difference in cross-sectional 
area of the trunks being statistically significant at the .05 level. Mulch- 
ing or cultivating frequently, either throughout the season or until 
June 15, produced better growth than spading every 4 weeks, by 
margins that in almost every instance attain statistical significance at 
the .01 level. Differences in growth between the trees infrequently 
hoed and those mulched or those hoed frequently, in every instance 
exceeded the values required for statistical significance at the .001 
level. At Hague the differences were as great as at Ocala, but owing 
to the greater variability in growth of the trees and higher error 
terms, statistical significance of the differences was not so high. 

The results of this experiment indicate that the beneficial effect of 
cultivation on tree growth was due primarily to keeping the area 
around the trees free of weeds. Whether or not the soil was stirred 
was unimportant, as is shown by the fact that the flat hoeing in which 
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TABLE I — Effect of Frequency and Method of Cultivation on One 
Season^s Growth of One-Year-Old Tung Trees Transplanted in 
February 1946 


Measurements at End of Growing Season* 


Treatments 


Spading every 2 weeks up to and includ- 
ing Oct 15 

Hoeing every 2 weeks up to and includ- 
ing Oct 15 

Plat nocing every 2 weeks up to and in- 
cluding Oct 15 

Spading every 2 weeks up to and in- 
cluding Jun 15 

Hoeing every 2 weeks up to and includ- 
ing Jun 15 

Flat hoemg every 2 weeks up to and in- 
cluding Jun 15 

infrequent hoemg 

Mulch 

Spading every 4 weeks up to and includ- 
ing Jun 15 

Least significant difference at 0.05 . . 


Ocala, Florida 

Hague, Florida 

Lenjpth 

Trunk 

(Inches) 

Weight- 
ed Top 
Growth** 
(Inches) 

Cross- 
Sec- 
tion of 
Trunk 
(Sq Ins) 

Length 

Trunk 

(Inches) 

Weight- 
ed Top 
Growth** 
(Inches) 

Cross- 
Sec- 
tion of 
Trunk 
(Sq Ins) 

67 

117 

0 74 

98 

225 

1.81 

72 

145 

0.93 

88 

184 

1.30 

71 

148 

0.98 

81 

172 

1.21 

72 

139 

0.90 

79 

153 

0.99 

66 

121 

0.71 

86 

182 

1.36 

72 

128 

0.82 

72 

132 

0.88 

25 

27 

0.17 

50 

47 

0.32 

74 

139 

1.01 

— 

— 

— 

48 

66 

0.43 







14 

29 

0.25 

18 

02 

0.88 

20 

40 

0.34 

25 

120 

1.24 

27 

54 

0.46 

35 

182 

1.77 


♦Average of 12 trees (three replications and four trees in each plot). 

♦♦Weighted top growth is the length of the trunk plus Ja the total length of the side branches, 
if any. 


the soil was relatively undisturbed gave almost as good results as hoe- 
ing or spading in which the soil was stirred. The mulch treatment 
was equally effective, and in this treatment also the soil around the 
tree was not disturbed but the area around the tree was free of weeds. 

On the average the growth of trees that were cultivated throughout 
the season exceeded that of those for which the cultivation was ter- 
minated on June 15, when less than half the total growth of the season 
had been made. However, the differences do not attain statistical 
significance and are too small to be of any practical importance. This 
was true even though there was considerable weed growth by the end 
of the season around the trees not cultivated after June 15. 

Although it has long been knowm that it is important to keep the 
cultivated area free of weeds for successful crop production, the rea- 
sons for it have not always been clearly defined. It has been generally 
agreed that with tree crops as with other crops the main benefits from 
controlling weeds are the conservation of moisture and nutrients, 
particularly nitrogen. The present experiment taken together with 
the results of the 1945 study ( 1 ) makes it questionable that moisture 
and nutrients were factors of prime importance in limiting growth. 
The infrequently cultivated tung trees that were watered frequently 
last year failed to grow as well as the unwatered but frequently culti- 
vated trees. During 1946 there was ample rainfall, yet the infrequent- 
ly hoed trees failed to respond. 

As for nutrients, in both 1945 and 1946 the trees were adequately 


118 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


fertilized and there was no visible evidence of a lack of any particular 
element. In both years leaf samples were collected from the experi- 
mental plots. The data obtained this year at Hague, which are given 
in Table II, further suggest that lack of nutrients probably was not 
the limiting factor in the growth of the uncultivated trees. The data 


TABLE II — Llaf Analyses on Samples Collected August 22, 1946 
FROM THE Cultivation Plots at Hague, Florida 


Percentage of Constituents on Dry Weight Basis* 


Treatments 



N 

P 

K 

Ca 

Mg 

Spading every 2 weeks up to and including Oct 15 
Hoeing every 2 weeks up to and including Oct 15 

2 33 

0 17 

0 54 

2 28 

0 48 

2 39 

0 18 

0 56 

2 13 

0 48 

Flat hoeing every 2 weeks up to and including 






Oct 15 

2 54 

0 19 

060 

2 10 

0 42 

Spading every 2 weeks up to and including Jun 15 
Hoeing every 2 weeks up U> and including Jun 15 

206 

0 16 

0 64 

1 90 

0 40 

2 16 

0 18 

0 54 

2 14 

0 48 

Plat hoeing every 2 weeks up to and including 






Jnn 15 

2 10 

0 17 

0 00 

2 02 

0 47 

Infrequent hoeing 

2 23 

0 18 

0 59 

1 88 

0 44 


♦Average of three replications 


show that the difference in composition of the leaves in August would 
not account for the difference between the trees that marie very poor 
growth in the infrequently hoed plots and those that made excellent 
growth on the fretiuently cultivated plots. The samples for leaf analysis 
were taken August 22 and the possibility of a deficiency in nutrients 
early in the growing season, before the tung roots were well estab- 
lished, is not excluded Similar data were obtained at Ocala in 1945, 
F urther work on this problem is planned for 1947 
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The Relation of Fertilization with Copper and Nitrogen 
to Copper Deficiency Symptoms, Leaf Composition, 
and Growth of Tung 

By Joseph Hamilton and Seymour G. Gilbert, U, 5*. 
Department of Agriculture, Gainesville, Fla. 

M ost reports on copper deficiency (1, 2, 3, 5) have described the 
deficiency symptoms and their alleviation by the application of 
copper salts with little regard to the effect of elements other than 
copper. The exi stance of a physiological balance between copper 
and nitrogen in citrus was suggested, however, by Camp and Fudge 
(3), and a biochemical interaction between copper and nitrogen was 
demonstrated in copper deficiency of tung (Aleurites fordii Hemsl.) 
(7). Experiments demonstrating the effect of elements other than 
copper, particularly nitrogen, on the development of copper-deficiency 
symptoms in tung have been described in a preliminary report (6). 
A more complete report on this work is presented here. 

Experiment I 

The relation between copper and the primary fertilizer elements in 
tung was first studied in 1943 in a mineral nutrition experiment at 
Hague, Florida. In this factorial experiment (8) there were two 
replications of 27 treatments including all possible combinations of 
three levels each of nitrogen, phosphorus, and potassium. Each plot 
consisted of six budded trees, two each of the selections L~14, F-193, 
and A-12, planted in March 1943. The fertilizers and a blanket treat- 
ment of 1 ounce of copper sulfate per tree were applied to the soil 
May 21 and 22. Notwithstanding the application of copper to the soil, 
copper-deficiency symptoms began to appear in June, and their 
severity and extent were estimated on July 7, on a scale ranging from 
0 for a normal shoot to 5 for one very severely affected. Every primary 
shoot on a tree was scored and the mean score per shoot was cal- 
culated. Thus the score is determined by both the number of shoots 
affected and the severity of damage to the individual shoots. The 
principal factor affected in these experiments was the severity of the 
damage to the individual shoots since copper deficiency represses 
shoot growth. On July 14 and 17, the length of the shoots was 
measured. 

Within 6 weeks after the application of copper sulfate and the fer- 
tilizers, the trees that received the low level of nitrogen showed only 
slight copper-deficiency symptoms (Table I). The trees that received 
the medium and high levels of nitrogen were more seriously affected 
and thus had a higher score. Potassium reduced the copper-deficiency 
score by an amount statistically significant but relatively unimportant 
in comparison with the increase from nitrogen. There was no indi- 
cation that phosphorus affected the incidence of copper-deficiency 
symptoms. No interaction of the fertilizer elements attained statistical 
significance. The clone F--193 was more severely affected than L-14 
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and A-12, which indicates a difference in varietal susceptibility, under 
the conditions of this experiment. 

On July 7, a copper sulfate solution ( 1-50) was applied as a spray 
to all trees. All copper-deficient trees recovered temporarily, as shown 
by the new growth; but by September the new growth of some 15 
per cent of the trees again showed copper-deficiency symptoms. The 

TABLE I — The Effect of Fertilizer Treatment on Incidence or Copper- 
Deficiency Symptoms and Shoot Growth of Tung Trees. (Hague, 
Florida, July, 1943 .) Trees Scchied 0 to 5 According to Severity of 
Symptoms 


Variety 


FertiUaer 

Equivalent 

Amount 
Per 1 
Tree 
(Pounds) 

L-14 

P193 

A12 

Score* 

! 

Shoot Lengthf j 
(Cms) 

Score* 

Shoot Lengthf 
(Cms) 

Score* 

Shoot Lengthf 
(Cms) 

N 

0.01 

0.25 

91 

0.72 

290 

0.32 

278 

N 

o.a3 

0.85 

94 

1.46 

310 

1.09 

310 

N 

0.09 

1.79 

98 j 

2.01 

343 j 

1.56 

306 

P,0, 

0.01 

1.04 

94 

1.29, 

295 

0.91 

287 

P*0, 

0.03 

0.80 

99 

1.40 

311 

1.01 

306 

P.0, 

0.09 

1.04 

91 

1.50 

337 

IM 

302 

K,0 

0,015 

1.07 

94 

1.61 

324 

1.31 

268 

K.0 

0.045 

0.94 

91 

1.26 

304 

0.99 

343 

K.0 

0.135 

0.88 

98 

1.31 

314 

0.07 

283 


♦The score of an individual tree is the sum of the scores of the shoots divided by the total number 
of shoots on the tree. Each reading in the table is the mean of the individual scores of 36 trees. 

tThe total new shoot growth of each tree was measured. Each reading m the table is the mean 
shoot length of 36 trees. 

average copper-deficiency scores determined on September 11 on the 
previous basis for the three varieties were .14, .39, and 1.06, respec- 
tivetly, for the low, intermediate and high levels of nitrogen. These 
effects of the fertilizer treatments are highly significant. It is thus 
evident that soil applications of nitrogen increase the incidence of 
copper-deficiency symptoms shown by the trees. 

Experiment II 

To obtain further evidence on the interaction of copper and nitro- 
gen, an experiment was set up in the spring of 1944 at two locations 
about 1 mile apart in the same copper-deficient area where the pre- 
vious work had been done. At location I the soil was Gainesville fine 
sandy loam. At location II the soil was Arredonda loamy fine sand 
with localized wet spots during the rainy season. At each location 
there were two replications of 16 treatments comprising all factorial 
combinations of four levels each of copper and nitrogen. Each plot 
consisted of two transplanted 1 -year-old seedling trees. The first three 
levels of copper sulfate, applied on May 25, were 0, and 1 ounce 
per tree. In order to avoid serious toxic effects, the fourth or highest 
level of copper sulfate consisted of 1 ounce applied May 25, and 1 
ounce applied July 1. The four levels of nitrogen, namely, .01, .03, .09, 
and .18 pound of elemental nitrogen per tree, half as sodium nitrate 
and half as ammonium sulfate, w^ere applied May 25. Both copper and 
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nitrogen were applied as dry salts on the soil on a circular area hav- 
ing a radius of 1 foot from the trunk of the tree. 

On July 17 evidence of toxicity was observed on a few of the trees 
that had received 1 ounce of copper sulfate, and by July 23 about 10 
per cent of these trees had shed a few basal leaves. On that date none 
showed definite symptoms of copper deficiency. By July 29, however, 
toxicity symptoms had disappeared and copper-deficiency symptoms 
were prevalent, the trees that received the low levels of copper being 
much more severely affected than those that received the high levels. 
The injurious effects of nitrogen on copper-deficiency symptoms were 
less outstanding than the beneficial effects of copper, but in general 
the trees that received the high levels of nitrogen were more severely 
affected than those that received the low levels. Scores for vigor of 
tree growth indicated that copper had produced no effect, but that the 
higher the rate of nitrogen applied, the lower the vigor of the tree. 

On September S, all trees in experiment II were again scored for 
copper-deficiency symptoms. The trees that received the lowest level 
of nitrogen, regardless of the level of copper applied, and the trees that 
received the highest level of copper, regardless of the level of nitrogen, 
were only slightly affected by copper deficiency (Table II). The 
disorder was most serious on trees that received high levels of nitro- 
gen combined with the low levels of copper. I'he analysis of variance 
indicates that despite the two different soil types, the difference be- 
tween locations was unimportant. The effects of copper and of nitro- 
gen were highly significant, and the low value for the interaction 
indicated that each tended to have the same effect at all levels of the 
other. 


TABLE II — The Effect of Copper and Nitrooen Applications on the 
Scores for Copper-Deficiency Symptoms of Tung Trees During the 
First Year in the Orchard. (Two Locations near Hague, Florida, 
September 5, 1944). Trees Scored from 0 to 5 According to Severity 
OF Symptoms* * 


Nitrogen Applied (Pounds Per Tree) 


Applied Per Tree 
(Ounces) 

0.01 

(Score) 

0.03 

(Score) 

0 00 
(Score) 

0.18 

(Score) 

Mean 

(Score) 

0.. . , . 

0.2,5 

1.50 

1.76 

3.12 

1.66 

H 

0 12 

0.26 

1.12 

2.50 

1.00 

1 ... 

0.26 

0.25 

1.12 

2.12 

0 94 

2 

0.00 

0.12 

0.38 

0.25 

0.19 

Mean ... . . 

0.16 

0.53 

1.09 

2.00 

0.95 


♦Each reading is the mean o^ the scores of eight trees 


On September 11, 1944, separate samples of midshoot and of ter- 
minal leaves were taken from each plot and were subsequently ana- 
lyzed for nitrogen. The average nitrogen content of the terminal 
leaves, 2.11 per cent, was lower than that of the midshoot leaves, 2.31 
per cent ; but the low value of F for the interaction of treatment with 
position (Table III) showed that the response to treatment was the 
same in both positions. Therefore, the data are presented as averages 
for terminal and midshoot leaves. At location I, which was well 
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drained, the leaves were deep green in color and had an average 
nitrogen content of 2.60 per cent; at location II, which was poorly 
drained, the leaf color suggested a moderate nitrogen deficiency and 
the average nitrogen content w'as 1.81 per cent. At both locations the 
nitrogen content of the leaves was in direct relatioiji to level of nitro- 
gen applied and in inverse relation to the level of copper ; the effects of 
l)oth elements attained high statistical significance (Table III). Tlie 

TABLE III — Percentage Nitrogen in Leaves* of Tung Trees, Dry 
Basis, as Affected by Levels of Copper and Nitrogen Applied. 
(Hague, Florida, Sepi'Ember 11 , 1944 ) 


Nitrogen Applied (Pounds Per Tree) 


Copper 
Sulfate 
Per Tree 
(Ounces) 

0.01 

0.03 

0.09 

0.18 


Means 

Locations 

Locations 

Locations 

Locations 

Locations 

Locations 

(Per Cent) 

(Per Cent) 

(Per Cent) 

(Per Cent) 

(Per Cent) 

(Per Cent) 


I 

11 

I 

II 

I 1 

II 1 

1 

II 

I 

11 

I and II 

0 

2.27 

1.55 

2 4G 

1.85 

3 11 

1 87 

3.67 

2.92 

2.88 

2.05- 

2.46 

H 

2.14 

1.69 

2.48 

1.65 

2.61 

1.72 

3.10 

2.26 

2.58 

1.83 

2.20 

1 

1.98 

1.65 1 

2.37 

1,71 

2.61 

1.61 

2.95 

1.80 

2;48 

1.67 

2.07 

2 

2.18 

l.,39 

2 20 

1 75 

2.74 

1.76 

2.71 

1.93 

2.46 

I 1.70 

[ 2.08 

Means 

2.14 

L.M 

2.38 

1.74 

2 77 

1.74 

3.11 

2.22 

2.60 

' 1.8] 



1.84 1 

1 2.00 1 

2.; 

25 

1 2.67 1 

— 

- 

2.21 


♦Average of Midshot and terminal sample. 


effect of the level of copper on nitrogen content of the leaves was 
greatest at the high rates of nitrogen application, the difference attain- 
ing statistical significance approximately at the .05 level. The inter- 
action of treatment with location was statistically significant, thus 
indicating that the same results would not necessarily be expected at 
other locations. However, the effects of the nitrogen and of the copper 
were highly significant when tested by using the interaction of treat- 
ment with location as an error term ; hence the same general trends 
would be expected at any location within the copper deficient area, 
represented by the tw’o locations used. 

Measurements taken January 20, 1945, showed that the cross- 
scctional areas of the trunks were in inverse relation to the level of 
nitrogen applied, the difference attaining statistical significance close 
to the .05 level (Table IV). A decrease in total size of tops was cor- 
related with the decrease in trunk area, but fell far short of statistical 
significance at the .05 level. The different levels of copper applied 
had no consistent effect on growth. Similar effects of level of nitrogen 
supply on growth of newly planted tung trees were observed in an- 
other test, which adjoins experiment II at one location. 

Discussion 

The experiments conducted lioth in 1943 and in 1944 support the 
hypothesis previously advanced (6, 7 ) that for normal growth a sat- 
isfactory physiological balance between copper and nitrogen must be 
maintained within the leaves of the trees. If this balance is disturbed 
during a period of active growth by either insufficient copper or ex- 
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TABLE IV — The Effect of Copper and Nitrogen Applications on the 
Cross-Sectional Area of Trunk* and on Calculated SizEf of Tung 
Trees. (Hague, Florida, January 20 , 1945) 


Nitrogen Applied (Pounds Per Tree) 


Copper 

Siiitate 

Applied 

0.01 


0.03 


0.09 


018 

i 

Mean 

Per Tree 
(Ounces) 

Cross- 

Sectional 

si 

Cro&s- 

Sectional 

'i' 

Cross- 

Sectional 


Cross- 

Sectional 


Cross- 

Sectional 

U3 


Area 

Area 

^ 8 

Area 


Area 

Q> Q 

Area 

^ 8 


(Sq Cms) 


(Sq Cms) 

Ww 

(Sq Cms) 

cZw 

(Sq Cms) 

tgSi 

(Sq Cms) 


0 1 

6.6 

330 

52 

302 

39 

194 

27 

205 

46 

258 

H 

5.2 

312 

0.6 

350 

62 i 

338 

5 2 

297 

58 

324 

1 

7.3 

345 

5.3 

310 

4.7 

310 

3 1 

200 

5 1 

293 

2 

5.6 

263 

65 

296 

46 

253 

5.1 

303 

54 

279 

Mean 

0.2 

312 

5.9 

316 

4 8 

274 

4£_ 

251 

^2 ^ _ 

288 


♦Trees were cut back to 8 inches at planting and subsequently were suckeied to one shoot. 
Trunk cross-sectional area was taken 15 centimeters above point of origin of the new shoot 

tThe calculated size was equivalent to the length of trunk plus one-halt the length of primary 
branches plus one-fourth the length of secondary shoots 


cessive nitrogen, copper-deficiency symptoms develop. Copper de- 
ficiency did not significantly affect tree growth in either of the experi- 
ments reported herein, as determined from the cross-sectional area of 
trunk or size of tree. However, the trees in these experiments did not 
exhibit severe copper deficiency and the stunted growth or die-back 
which are usually associated with it. 

In these experiments no treatment among the wide range in levels 
of nitrogen and of copper fertilization had beneficial effect on the 
growth of tung trees during the first year. This indicates that factors 
other than lack of nitrogen and copper limited tree growth on the soils 
on which these experiments were conducted. In view of the lack of 
beneficial effects from the nitrogen applications and the difficulty of 
maintaining sufficient available copper in the soil over an extended 
period, it appears that for soil applications low rates of nitrogen fer- 
tilization and moderate rates of applications of copper should be em- 
ployed. If suitable equipment is available, operators of tung plantings 
on copper-deficient soils should consider spray applications, which 
give a uniform and complete, though temporary, control of copper 
deficiency. 

Summary 

A study was made of the effect of applications of copper and other 
fertilizer elements on copper-deficiency symptoms, nitrogen content 
of leaves, and growth of tung trees. 

In experiment I the effect was determined of three levels each of 
nitrogen, phosphorus, and potash and a uniform application of cop- 
per, on copper-deficiency symptoms and growth of young tung trees. 
Although copper-deficiency symptoms occurred on trees receiving the 
low rate of nitrogen application, such symptoms became progressively 
more serious at the medium and high rates of nitrogen application. 
The application of potassium decreased the incidence of copper- 
deficiency symptoms by a small but statistically significant amount. 
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Phosphorus had no effect. None of the fertilizers applied had an effect 
on shoot growth. 

In experiment II, in which four levels each of copper and nitrogen 
were applied, very little copper deficiency occurred on trees at low 
rates of nitrogen application, regardless of the level of copper applied, 
or on trees at high levels of copper supply, regardless of the level of 
nitrogen applied. The combination of high levels of nitrogen with low 
levels of copper resulted in severe copper deficiency. The nitrogen 
content of the leaves was in direct relation to the rate of application 
of nitrogen; but it was reduced by increases in the rate of copper 
applied. The nitrogen applied tended to decrease the cross-sectional 
area of the tree trunks but had no effect on the size of the tops. Copper 
had no consistent effect on tree growth. 
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The Effect of Different Kates of Application of Nitrogen 
on Biennial Bearing in Tung 

By George F. Potter, Benjamin G. Sitton and Lewis P. 
McCann, U. S, Department of Agriculture, Bogalusa, La, 

I n connection with studies of fruit bud formation in tung trees, con- 
ducted at the U. S. Field Laboratory for Tung Investigations, 
Bogalusa, Louisiana, by McCann et al (1), an experiment was begun 
in 1941 to determine the effects of fruit bearing and of level of nitro- 
gen supply on fruit bud differentiation. On April 5, 1941, during the 
flowering period, 24 6-year-old seedling tung trees were selected from 
an area including about 3 acres within a large commercial orchard of 
seedling trees in St. Tammany Parish, Louisiana. The trees were 
selected for uniformity in flowering habit, current crops, previous 
crops, mode of fruit production, and branching habit. They were 
divided into four replications or blocks of six trees each. Within each 
replication three nitrogen levels were maintained over the period 
1941 to 1944 inclusive, each represented by two trees, of which one 
was allowed to retain its crop in 1941 and the other had the entire 1941 
crop removed soon after the fruit had set. The trees at the high level 
of nitrogen supply were to receive 9 pounds of nitrate of soda per 
tree annually in three applications of 3 pounds each, at intervals of 1 
month, commencing at the blossom period. Those at the intermediate 
level of nitrogen were to receive 3 pounds of nitrate of soda per tree, in 
three applications of 1 pound each at the same intervals. The trees at 
the low level of nitrogen supply were to receive only that nitrogen 
available from the soil and from cover crops. However, in 1941, the 
first year of the experiment, the grower-cooperator inadvertently ap- 
plied nitrogen equivalent to 3.9 pounds of nitrate of soda per tree to all 
trees, which was of necessity accepted as the intermediate level for that 
season. Supplementary applications were made to the trees at the high 
level of nitrogen supply as required to bring the total up to that origi- 
nally planned. In an attempt to decrease the nitrates available to the 
trees designated to receive the luw level, rice straw was incorporated 
in the soil. It is a recognized principle that organisms effecting decom- 
position of unhumified organic matter having a high carbon-nitrogen 
ratio compete with the crop for the nitrogen supply of the soil (2). 
Fortunately the nitrogen applied by the owner of the orchard was 
placed in furrows running along the rows at the outer extremities of 
the branches and hcrce could have had but little effect in hastening 
decomposition of the rice straw which w^as incorporated in the surface 
foot of the soil at the rate of 4 tons per acre, beginning 3 feet from 
the trunk and extending out to the periphery of the branches. It is 
believed that throughout most of the season this straw treatment sub- 
stantially lowered the level of nitrogen available to these trees. In the 
succeeding seasons, 1942 to 1944 inclusive, the levels of nitrogen were 
maintained as originally planned. 

Samples of leaves were collected annually in August 1942, 1943, 
and 1944, for determination of the nitrogen content. One sample was 
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taken from each tree, consisting of a midshoot leaf removed without 
its petiole from each of the 48 modal-length shoots from rqwesenta- 
tive positions on four sides of the tree. The 24 samples were dried in 
an oven at 70 degrees C and nitrogen was determined by the Kjeldahl- 
Gunning method^. 

Over the three-year period the percentages of nitrogen in the 
leaves of trees receiving the high, intermediate, and low levels of 
nitrogen were, respectively, 2.42, 2.24, and 1.92. In each season the 
value of F for effect of level of nitrogen supplied on percentage of 
nitrogen in the leaves is greater than is required for statistical signifi- 
cance at the .001 level (Table I). These data give conclusive evidence 


TABLE I — Effect of Ckop and Rate of Application of Nitrogen Upon 
THE Percentage op Nitrogen in Tung Leaf Samples in August 
(Dry Weight Basis) 


Year 

Defruited in 1941 (Per Cent) 

Bearing in 1941 (Per Cent) 

F Pound 

Rate of Application of Nitrogen 

Rate of Application of Nitrogen 

Rate of 
Appli- 
cation 
of Ni- 
trogen 

Crop 
Borne 
in 1941 

IvOW 

1 

Me- 

dium 

! 

High 1 

Aver- 

age 

Low 

Me- 

dium 

High 

Aver- 

age 

1942 

1943 j 
1044 

1.92 

1.90 

2.09 

2.37 

2.20 

2.02 

P requ 

2.70 

2.34 

2.36 

ired for s 

2.33 

2.14 

2.16 

lignifican 

1.64 

2.03 

1.99 

ce at .06 
.01 
.00 

2.19 

2..'i() 

2.14 

1 

2.42 

2.48 

2.24 

2.05 

2.33 

2.12 

72.00 

15.88 

13.91 

3.68 

6.36 

11.34 

23.00 

7.34 

* 

4.54 

6.68 

16.59 


♦Mean square for treatment lower than mean square for error. 


that three planes of nitrogen assimilation were maintained in the trees 
throughout the period of the experiment. In 1942 the percentage of 
nitrogen was greater in the leaves from the trees defruited in 1941 
than in the leaves from the trees bearing in 1941. In 1943 the per- 
centages of nitrogen in the two sets were in the reverse rank, but in 
1944 there was no significant difference. 

On each of four dates at 2- week intervals, beginning July 9 and 
ending August 20, 1941, a representative random sample of 16 mixed 
terminal buds, in which the blossoms are initiated, was collected from 
each of the 24 trees. These buds were examined microscopically and 
the stage of development of the embryonic flowers was determined. It 
was found that the stage of development varied widely from individual 
tree to individual tree but that neither the defruiting nor the level of 
nitrogen supply had produced any significant effect upon the rate of 
flower bud development. 

However, in the spring of 1942 and in each of the two succeeding 
seasons, the number of pistillate flower buds on 40 terminal shoots of 
the previous season, 10 taken at random on each of four sides of the 
tree, were counted. These data, presented in Table II, on the basis 
of average number of pistillate flowers per terminal bud, show that 

^The writers are indebted to Harold M. Sell, formerly associate chemist, 
U. S. Field Laboratory for Tung Investigations, Gainesville, Florida, for these 
analyses. 
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TABLE II — ^Effect of Crop and Rate of Application of Nitrogen Upon 
THE Number of Pistillate Tung Flowers per Terminal Shoot of 
THE Previous Season 


Year 

Defruited in 1941 (Per Cent) 

Bearing in 1941 (Per Cent) 

P Pound 

Rate of Application of Nitrogen 

Rate of Application of Nitrogen 



Low 

Me- 

dium 

High 

Aver- 

age 

Low 

Me- 

dium 

High 

Aver- 

age 

1942 

1943 

1944 

1.12 

0.18 

1.88 

1.80 

0.17 

2.89 

P requ 

2.46 

0.14 

2.56 

ired for « 

1.79 

0.16 

2.43 

lignifican 

0.35 

0.36 

1.80 

ce at .05 
.01 
•00 

0,48 

1.22 

2.00 

1 

0.52 

0.65 

2.31 

0.45 

0.74 

2.01 

3.45 

2.34 

1.18 

3.68 

6.36 

11.34 

32.64 

12.39 

1.05 

4.54 

6.68 

16.69 


trees completely defruited in 1941 tended to have abundant flower 
formation in 1942 and 1944. The trees that bore heavily in 1941, on 
the other hand, tended to produce the most flowers in 1943 and to 
have a lower number of flowers per terminal shoot in 1942 and 1944 
than did trees defruited in 1941. The results were very clear-cut in 
1942 but were obscured somewhat in succeeding years by a rather 
severe late winter freeze that occurred in March 1943 and greatly 
reduced the number of flower buds that opened that season. On the 
basis of these random counts the trees defruited in 1941 produced 
2.43 pistillate flowers per temiinal shoot in 1944, their ''on” year, 
whereas those that fruited in 1941 and, therefore, were in the ‘V)flf” 
year in 1944, produced 2.01 pistillate flowers per terminal bud. In 
view of the variation between individual trees, this difference is too 
small to attain any statistical significance but, as will be shown later, 
it is supported by more precise data on yield, which show that the 
tendency to biennial bearing set up by defruiting in 1941 persisted 
through the freeze of 1943 and into the season of 1944. 

The data on the total weight of fruit produced (Table ITT) show 
very clearly that the trees that bore heavily in 1941 had relatively 
light crops in 1942 and even in 1944. The trend due to defruiting 
persisted through four years, one of which was a serious frost year, 

TABLE III — Effect of Crop and Rate of Application of Nitrogen 
Upon Yield of Air-Dry Tung Fruit Per Tree 


Year 

Defruited in 1941 (Per Cent) 

Bearing in 1941 (Per Cent) 

F Pound 

Rate of Application of Nitrogen 

Rate of Application of Nitrogen 

Rate of 
Appli- 
cation 
of Ni- 
trogen 

Crop 
Borne 
in 1941 

Low 

Me- 

dium 

High 

Aver- 
age j 

Low 

Me- 

dium 

High 

Aver- 

age 

1941 

1942 

1943 

1944 
Average 

0 

59.0 

6.5 

59.4 

31.2 

0 

58.0 

1.7 

83.2 

36.7 

P requ 

0 

89.5 
4.0 

99.5 
48.2 

ired for £ 

0 

68.9 

4.1 

80.7 

38.4 

lignifican 

40.2 

11.2 
8.7 

63.5 

28.4 

ce at .05 
.01 
.00 

42.0 
19.5 

32.0 
58.7 

38.0 

1 

40.9 

20.4 

17.0 

72.6 

37.7 

41.0 
18.2 
19.2 

61.0 
34.8 

4.71 

5.74 

7.65 

3.68 
6.36 I 
11.34 

87.02 

36.28 

7.19 

1.36 

4.54 

6.68 

16..59 
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with differences that in each season attained high statistical signifi- 
cance. The trees defruited in 1941 produced an enonnous crop in 
1942, an average of 68.9 pounds of air-dry fruit per tree, actually 
more than was i)roduced in the two seasons by the trees that bore 
heavily in 1941. At first thought such a result seems impossible, but 
it may be understood by taking the age of the trees into consideration. 
The nonbearing 6-year-old trees increased markedly in size during 
the season of 1941 and then bore the maximum crop per unit of bear- 
ing surface in 1942. The trees that bore in 1941 grew but little that 
season and in 1942 produced only a small off-year crop on trees that 
still had comparatively little bearing surface. 

The excessive crop borne by the defruited trees in 1942, together 
with the freeze, reduced their 1943 crop to practically nothing. The 
trees '^came back” in 1944, with a record production of 80.7 pounds 
of air-dry fruit per tree. The blossoms (Table II) and the yields 
(Table III) produced in 1943 by both sets of trees must be inter- 
preted as the results of two factors, (a) the number of flower § differ- 
entiated, and (b) the relative cold resistance of the flowering buds. 
Both factors are influenced by size of crop borne in 1942. 

The total yield for the four years appears to have been increased 
slightly by defruiting in 1941, but the increase is too small to attain 
statistical significance. Average yields, expressed as pounds of air- 
dry fruit per tree per year, were 57.3, 49.2, and 39.8 for the high, 
intermediate, and low levels of nitrogen, respectively. In 1943 yields 
tended to be erratic, probably due to inherent differences in cold 
resistance of the individual trees. In 1942 and 1944, the nitrogen 
increased yields whether the trees were in the ”on” or the “off” 
years, but to a greater extent for trees in the “on” year. The co- 
efficients of variability, 80.0, 79.8, and 89.4 per cent, respectively, for 
the low, intermediate, and high levels of nitrogen, indicate no ten- 
dency for nitrogen to reduce biennial bearing. 

A sam})le of 100 fruits was taken from each tree each season for 
oil analysis. Extensive and precise experiments conducted by Sitton 
and Loustalot (3) have shown conclusively that a high level of 
nitrogen fertilizer tends to reduce the percentage of oil in the tung 
kernel, but to increase the percentage of kernel in the whole fruit to 
such an extent that there is a substantial net gain in the percentage 
oil in the whole fruit. However, the degree of precision attained in this 
rather small-scale experiment was not sufficient to show all the char- 
acteristic effects of the different nitrogen levels on fruit composition. 
The expected trend in oil in the kernel was observed in fruit from the 
])earing trees in 1941, in fruit from all trees in 1942, and to a lesser 
extent in 1944 (Table IV), but not in 1943^. No consistent effect of 
level of nitrogen upon the .percentage of kernel in the whole fruit 
(Table V) or of oil in the whole fruit (Table VI) was observed. 

The defruiting in 1941 very significantly affected the composition 
of the crop of 1942, the percentage of oil in the kernel being increased 
from 67.0 to 68.4, that of kernel in the whole fruit from 32.3 to 34.7, 

•The writers are indebted to Frank C. Pack, A. F. Freeman, and A. J. 
Loustalot, for the oil determinations. 
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TABLE IV — Effect of Crop and Rate of Application of Nitrogen 
Upon the Percentage of Oil in Tung Kernei.s’*' 


Year 

Defruited in 1941 (Per Cent) 

Bearing in 1941 (Per Cent) 

P Found 

Rate of Application of Nitrogen 

Rate of Application of Nitrogen 

Rate of 
AppU- 1 
cation 
of Ni- 
trogen 

Crop 
Borne 
m 1941 

Low 

Me. 

dium 

High 

Aver- 

age 

Low 

Me- 

dium 

High 

Aver- 

age 

1941 

1942 

1943 

1944 

70.2 

67.4 

64.7 

68.0 

66.4 

60.6 

F requ 

67.0 

68 2 
62.4 

ired for s 

68.4 
67.3 

62.5 

iignifican 

65.7 

68.9 

66.3 

64.4 

ce at .05 
.01 
.00 

63.5 
67.2 

66.6 
61.9 

1 

61.9 

64 7 
68.7 
61.0 

63.7 

07.0 

67.1 
62.4 

18.90 

4.88 

7.64 

3.68 

6.36 

11.34 

8.83 

t 

1.06 

4A4 

6.68 

16.59 


♦Prom fruits in equlibrium with the vapor pressure of a saturated solutiV-n of calcium chloride at 
room temperature. 

tMean square for treatment lower than mean square for error. 


TABLE V — Effect of Crop and Rate of Application of Nitrogen 
Upon the Percentage of Kernel in the Whole Fruit* 


Year 

Defruited in 1941 (Per Cent) 

Bearing in 1941 (Per Cent) 

F Pound 

Rate of Application of Nitrogen 

J 

Rate of Application of Nitrogen 

Rate of 
Appli- 
cation 
of Ni- 
trogen 

Crop 
Borne 
m 1941 

Low 

Mo- 1 
dium 

High 

Aver- 

age 

I.>ow 

Me- 

dium 

High 

Aver- 

age 

1941 

1942 

1943 

1944 

33.3 

33.4 
32.1 

34.0 

34.1 

33.1 

F requ 

36.7 

33 5 
32.9 

ired for s 

34 7 

33.7 

32.7 

iignifican 

37,1 

30 4 

33 5 
32.3 

ce at .05 
.01 
,00 

35 8 
33.2 
35.1 

32 0 

1 

37.3 
32.0 
32.5 

31.3 

36 7 

32 1 
33.7 
31.9 

3 23 
t 

8.68 

3.08 

6 36 
11.34 

8 30 
t 
t 

4.54 

6.68 

16.59 


♦Fruits in equilibrium with the vapor pressure of a saturated solution of calcium chloride at 
room temperature. 

tMean square for treatment lower than mean square for error. 


TABLE VI — Effect of Crop and Rate of Application of Nitrogen 
Upon the Percentage of Oil in the -Whole Fruit* 


Year 

Defruited m 1941 (Per Cent) 

Bearing m 1941 (Per Cent) 

F Pound 

Rate of Application of Nitrogen 

Rate of Application of Nitrogen 

Rate of 
Appli- 
cation 
of Ni- 
trogen 

Crop 
Borne 
in 1941 

Low 

Me- 

dium 

High 

Aver- 

age 

Low 

Me- 

dium 

High 

Aver- 

age 

1941 

1942 

1943 

1944 

23.4 

22.8 

20.7 

23.2 

22.6 

20.1 

F requ 

24.6 

22.6 
20.5 

ired for s 

23.7 

22.7 
20.4 

iignifican 

24.7 
20.9 
23.2 

20.8 

ce at .05 
.01 
.00 

22.6 

22.3 

23.4 
19.8 

1 

23.1 

21.1 
21.2 
19.1 

26 8 
21.4 
22.6 
19.9 

T 

3.68 

6.36 

11.34 

10.15 

4.64 

6.68 

16.59 


♦Fruits in equilibrium with the vapor pressure of a saturated solution of calcium chloride at 
room temperature. 

tMean square for treatment lower than mean square for error. 
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and that of oil in the whole fruit from 21.4 to 23.7, as compared to 
fruit from corresponding trees that bore a full crop in 1941. The 
conclusion seems warranted that in a season when no crop is pro- 
duced the tung tree is able to store up reserves, in consequence of 
wliich the oil content of the succeeding crop is considerably increased. 

Summary 

Complete defruiting of heavily loaded tung trees in 1941 set up a 
biennial bearing tendency that persisted through 1944, even though 
the cri»p on ])oth defruited and check trees was largely destroyed by 
frost in 1943. Applications of nitrogen increased average yields, but 
did not reduce the alternate bearing tendency. The defruiting signifi- 
cantly increased percentage oil content of the succeeding crop. 
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Quick Tests for Potassium and Magnesium in Tung Leaves 
and Difference in Composition of Different Parts 
of the Petiole 

By Matthew Drosdoff and D. Charles Nearpass, 

U. S, Department oj Agriculture, Gainesville, Fla, 

D eficiencies both of potassium and of magnesium arc widespread 
in tung orchards of the southeastern United States. In many in- 
stances the leaf symptoms of these two deficiencies are so similar as to 
render it difficult to distinguish between them, and either or both of 
them may occur in one orchard. In case of doubt as to the identity of 
the leaf symptoms it has been the usual practice in this laboratory to 
diagnose the trouble by means of a quantitative analysis of the leaves. 
Because of the need for a less expensive and more rapid method of 
differentiating between potassium and magnesium deficiencies in tung 
trees, it was decided to attempt to adapt one of the quick test tech- 
nicLues to this purpose. 

After preliminary trials with several procedures, it was found that 
the tests recommended by Morgan (1) could be adapted for use on 
the leaf petioles. Because of the presence in the leaf blade of substances 
that interfered with both the potassium and the magnesium tests, the 
frcvsh or dried leaf blades could not be used unless the procedures were 
modified. The petiole tissue, however, was quite satisfactory and the 
tests were developed for use in the field on fresh leaf petioles. 

Procedure 

Collection and Preparation of Samples: — Composite samples of 
midshoot leaves with petioles attached are collected frohi representa- 
tive trees in the area under study and are tested preferably within a 
few minutes. The petioles are separated from the leaves and sorted 
into four or five groups, the petioles in each group being apj)roximately 
the same length. The upper one-third, that is the part nearest the leaf 
blade, is cut with a pair of scissors into small pieces not more than 
3 mm in length. After the pieces are thoroughly mixed, a level ^4 
teaspoonful is placed in a test tube of about 15 mm outside diameter 
and 150 mm length. A i)inch of Darco decolorizing carbon is added and 
then 10 ml of Morgan’s Universal extracting solution. This solution is 
prepared by adding 100 grams of sodium acetate to 500 ml of distilled 
water ; after dissolving, 30 ml of glacial acetic acid is added and the 
solution made up to 1 liter. The tubes are shaken for about 2 minutt‘s. 
The suspensions are then filtered into tubes or vials and the extracts 
used for the potassium and magnesium tests. 

Potassium Test : — 

Reagents (taken from Morgan, 1) 

A. Dissolve 5 grams of Co(N 03)2 and 30 grams of NaNOo in 
50 ml of distilled water acidified with 2.5 ml of glacial acetic 
acid. Make up to 100 ml with distilled water. Let stand 24 
hours and filter. 
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B. Isopropyl alcohol, 90 ml, mixed with formaldehyde solution, 
neutral, 10 ml. (Store in a bottle with a tightly fitting screw 
cap). 

Exactly 5 drops of the extract are transferred to a small glass vial, 
of about 10 mm inside diameter, and 37 mm length, and to this are 
added exactly 5 drops of the Universal solution, and the vial gently 
shaken to mix the contents. One drop of potassium reagent A is added 
and the contents gently shaken, and then 10 drops of reagent B, The 
contents are allowed to stand for about 1 minute and then shaken 
gently. After 2 minutes the resulting turbidity is compared with a set 
of standards prepared as described below under section on standards. 
All vials, tubes, and so on should be rinsed several times immediately 
after completion of either the potassium or the magnesium test. 

Magnesium Test : — 

Reagents (from Morgan, 1) 

A. Dissolve 0.10 grams of Titan yellow (Eastman Kodak Com- 
pany) in a mixture of 50 ml of methylalcohol and 50 ml of 
distilled water. This should be freshly prepared every 3 or 4 
months. 

B. Dissolve 15 grams of sodium hydroxide in 100 ml of distilled 
water. 

Exactly 3 drops of the extract are transferred to a small glass vial 
and to this are added exactly 7 drops of the Universal solution and the 
contents shaken gently. One drop of magnesium reagent A is added 
and the contents shaken gently. Then 3 drops of magnesium reagent 
B are added and the contents shaken gently. After about 1 minute the 
color is compared with the standards prepared as described below : 

S tandard Solution : — 

A standard solution is prepared by dissolving 0.215 grams KNO3 
and 0.305 grams of MgS 04 . 7 H 20 in 1,000 ml of water. This 
solution contains 100 parts per million of K 2 O and 50 parts per 
million of MgO. 

Potassium Standards : — 

Exactly 2, 4, 6, and 8 drops, respectively, of the standard solution 
are transferred to four small glass vials, and to these are added 
8, 6, 4, and 2 drops, respectively, of the Universal solution making 
a total of 10 drops in each vial. After the contents are shaken 
gently, the potassium reagents A and B are added and the tur- 
bidity developed exactly as described above for the petiole extract. 
Standard 2 or below represents low potash in the deficiency range 
and standard 8 represents very high potash. The turbidity changes 
in a few minutes and a new series of standards has to be made up 
with every series of tests. 

M agnesium S tandards : — 

Exactly 1 , 2, 3, 4, and 5 drops, respectively, of the standard solu- 
tion are transferred to five small glass vials, and 9, 8, 7, 6, and 5 
drops, respectively, of the Universal solution are added to make a 
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total of 10 drops of solution in €ach vial. After the contents are 
shaken gently, the magnesium reagents A and B are added and 
the color developed exactly as described above for the petiole 
extract. The color of the petiole extract is compared with the 
standard. One drop of standard represents very low magnesium 
in the deficiency range and 4 drops very high magnesium. The 
color fades in these standards in a few minutes and consequently 
a fresh set of standards has to be made up with every series of 
tests. 

Correlation of Petiole Quick Test with Total 
Quantitative Analysis of Leaf Blade 

Samples from a number of orchards located on widely different soil 
types where the nutritional conditions were known were tested in July 
and August 1946 by the procedure described above. The leaf blades of 
the same samples were collected and analyzed quantitatively for corre- 
lation with the quick tests. The data are given in Table I. 

It will be noted that the correlation coefficients, +0.77 for potassium 
and +0.80 for magnesium, far exceed values required at the .01 level 
of significance. Almost invariably the potassium and the magnesium 


TABLE I — Results of Potassium and Magnesium Quick Tests on 
Tung Petioles and of Quantitative Analyses of Leaf Blades, and 
Their Correlation (Samples Collected in July and August 1946 ). 
Analyses on Dry-Weight Basis 


Sample 

Num- 

ber 


Orchard Location 
and Condition 


Potassium 


Magnesium 


Petiole 
Quick Test* 


Leaf Blade 
(Per Cent) 


Petiole 
Quick Testf 


Leaf Blade 
(Per Cent) 


1 

2 

3 

4 

5 
(1 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 
10 
20 
21 
22 

23 

24 

25 

26 

27 

28 


Brookcr, Fla., normal 
Brooker, Fla., normal 
Brooker, Fla., Mg-defUaent 
Brooker, Fla., Mg-deficient 
LaCrosse, Fla., low K 
LaCrosse, Fla., normal 
LaCrosse, Fla., low K 
LaCrosse, Fla., low K 
Monticello, Fla., K-deficient 
Monticello, Fla., normal 
Monticello, Pla., K-deficient 
Monticello, Fla., normal 
Monticello, Fla., low K 
Lloyd, Fla., normal 
Lloyd, Fla., normal 
Lloyd, Fla., normal 
Lloyd, Fla., normal 
Lloyd, Fla., normal 
Lloyd, Fla., K-deficient 
Lloyd, Fla., normal 
Lloyd, Fla., Mg-deficient 
Cairo, Ga., Mg-deficient 
'uincy, Fla., Mg-deficient 
'uincy, Fla., low K 
uincy, Fla., Mg-deficient 
iairo, Ga., Mg-deficient 
Cairo, Ga., normal 
Cairo, Ga., K-deficient 


3 

3 
8 
8 
2 
.5 
2 
2 
1 

5 
2 

6 

4 
6 

5 

6 

5 

6 
2 

5 

6 
5 

5 
2 

6 
6 
3 
2 


1.02 

1.04 


0.58 

0.84 

0.62 

0.69 

0.44 

0.81 

0.51 


0.84 

0..59 

0.70 


0.79 

0.88 

0.41 

0.93 

1.11 

0.99 

1.07 

0.74 

1.14 

1.37 

0.80 

0.66 


3 

3 
2 
2 

4 

3 

4 
4 

4 

3 

5 

4 

3 

4 

3 

4 
4 

3 

4 
8 
1 
1 
1 
3 
2 
1 

3 

4 


0.36 

0.37 

0.22 

0.18 

0.69 

0.45 

0.67 

0.54 

0.56 

0.34 

0.67 

0.47 

0.37 

0.43 

0.41 

0.39 

0.42 

0.35 

0.68 

0.44 

0.12 

0.16 

0.23 

0.41 

0.13 

0.18 

0.40 

0.38 


Correlation coefficient 

Correlation coefficient required 
Correlation coefficient required 


.... I 0.77 

for significance at 0.05 —0.38 
for significance at 0.01 —0.48 


0.80 


♦Drops of standard, in range from 1 **very low K, to 8 “very high. 
fDrops of standard, in range from 1 *»very low Mg, to 5 **very high. 
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deficiencies, as indicated by the Jinalyses of the leaf blades, are reflected 
in low test readings on the petioles. As has been found with other 
crcjps, a low magnesium content of the leaf tissue is usually accom- 
panied by a high potassium content and vice versa. This fact provides 
a means of confirming the diagnosis of potassium or of magnesium 
deficiency by testing for both elements. 

The primary objective in developing these tests was to be able to 
differentiate quickly between magnesium-deficient and potassium- 
deficient areas while in the field. It may be possible to refine the tests 
further so as to be able to designate low, medium, and high levels, but 
this was beyond the scope of the present investigation. 

Difference in Composition of Different Parts 
OF Tung Leaf Petioles 

In the preliminary trials it was found that different portions of the 
petiole gave different results. To get more specific information on this 
poinb leaf samples with the petioles attached were collected in the 
usual manner in July and August 1946 from several orchards on dif- 
ferent soil types. The petioles were separated from the leaves and 
divided into three sections approximately equal in length; (a) top 
(nearest blade) ; (b) middle ; and (c) bottom (adjacent to twig). The 
three parts of the petiole and the leaf blade were analyzed quantita- 
tively for N, P, K, Ca, and Mg. The data, on dry-weight basis, are 
given in Table II. 


TABT.R II — Mineral Composition op Top, Middle, and Bottom Sections 
OF Tung Leaf Petioies, and of Leaf Blades, on Dry-Weight Basis 


Orchard 

Plant Part 

K 

Mg 

Ca 

P 

N 

Location 

(Per Cent) 

(Per Cent) 

(Per Cent) 

(Per Cent) 

(Per Cent) 

Brookcr, Fla. 

Top of petiole 

1.92 

0.87 

3.03 

0.37 

0.48 


Middle of petiole 
Bottom of petiole 

1.29 j 

0.40 

2.23 

0.21 

0.43 


1.01 ! 

0.69 

2.44 

0 26 

0.48 


Leaf blade 

1.02 

0.36 1 

1.91 

0.16 

2.20 

Brooker, Fla. 

Top of petiole 

S-.W 

0 50 

2.21 

0.19 

0.59 


Middle of petiole 
Bottom of petiole 

2.62 

0.18 

1.50 

0.10 

0.50 


2.75 

0.30 

1.58 

0.12 

0 50 


Leaf blade 

1,66 1 

0.22 

0.98 

0.16 

2.64 

LaCrosse, Fla. 

Top of petiole 

0.37 

1.2G 

2.40 

0.30 

0.42 


Middle of petiole 

0.26 

0 62 

2.09 

0.14 

0.35 


Bottom of petiole 

0.36 

0.95 

2 19 

0.19 

0.40 


Leaf blade 

0.02 

0.67 

2.79 

0.14 

1.54 

LaCrosse, Fla. 

Top of petiole 

1.14 

0.98 

2.75 

0.26 

0.42 

Middle of petiole 
Bottom of petiole 

0.66 

0.49 

2.27 

0.13 

0.36 


0.68 

0.70 

2.39 

0.16 

0.41 


Leaf blade 

0.84 

0.45 

2.78 

0.13 

1.60 

Monticello, Pla. 

Top of petiole 

0.47 

1.09 

3.42 

0.36 

0.48 

Middle of petiole 
Bottom of petiole 

0.19 

0.38 

2,72 

0.12 

0.46 


0.26 

0.67 

3.06 

0.18 

0.52 


Leaf blade 

0.44 

0.66 

3.10 

0.15 

2.17 

Monticello. Fla. 

Top of petiole 

1.89 

0.87 

3.98 

0.29 

0.49 


Middle of petiole 
Bottom of petiole 

1.20 

0.44 

2.98 

0.16 

0.43 


1.26 

0.63 

3.47 

0.16 

0.45 


Leaf blade 

0.84 

0.47 

3.64 

0.15 

2.14 

Average all loca> 

Top of petiole 

1.56 

0.93. 

2.97 

0.30 

0.48 

tioxis 

Middle of petiole 
Bottom of petiole 

1.04 

0.42 

2.30 

0.14 

0.42 


1.15 

0.67 

2.52 

0.18 

0.46 


Leaf blade 

0.90 

0.46 

2.53 

0.15 

2.05 
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A surprising feature of these analyses is the distribution of certain 
elements between the different parts of the petiole. This indicates the 
necessity in diagnostic work of always using the same part of the 
petiole for comparative purposes. Almost invariably, with all the ele- 
ments except nitrogen, the section of the petiole nearest the leaf blade 
is highest in mineral content, the middle portion lowest, and the bot- 
tom intermediate. In the case of magnesium and phosphorus, the top 
of the petiole has at least twice as much as the adjacent middle portion. 
With potassium, the difference is not quite so striking, and with cal- 
cium, still less so ; but the same general relationship holds between the 
three portions of the petiole. The large differences in composition 
between different parts of the petiole, and the fact that the middle 
portion is lowest, is difficult to understand. Undoubtedly there are 
morphological differences between the parts which might throw some 
light on this question. 

The relation of the composition of the petiole parts to that of the 
leaf blade varies with the different elements, and also with the same 
element at different levels of content. When the general level of potas- 
sium is high, the potassium content of the top of the petiole is con- 
siderably higher than, in some cases as much as double, that of the leaf 
blade; and that of the other parts of the petiole usually exceeds that 
of the leaf blade. When the over-all potassium content is low, however, 
the leaf blade is as high as or higher in potassium than any part of the 
petiole. The top of the j)etioIe, therefore, has a much greater range in 
potassium content than the leaf blade. 

In the case of magnesium, both the top and the bottom of the petioles 
are higher than the leaf blade at all levels of magnesium. The middle 
of the petiole usually approximates the leaf blade in magnesium con- 
tent. Excei)t in one instance this holds true for phosphorus also. With 
calcium, the relationship between leaf blade and petiole is not well 
defined, and, in the case of nitrogen, there is four to five times as much 
nitrogen in the leaf blade as in the petiole. There is not much difference 
in nitrogen content of the three parts of the petiole. 

The correlation coefficients for the percentages of the various ele- 
ments in the leaf blade with those in the different parts of the petiole 
were determined from data on 12 groups of samples, six of which are 
not shown in Table IT. For potassium the correlation coefficients were 
+0.97, +0.98, and +0.98 for the top, middle, and bottom sections of 
the petiole, respectively. These far exceed values required at the *01 
level of significance. For magnesium the coefficients were +0.97, 
+0.90, and +0.94 for the top, middle, and bottom parts of the petiole, 
respectively, and these also far exceed values required at the .01 level 
of significance. These results indicate that the petioles could be used 
satisfactorily in the quick tests instead of the leaf blade as a measure 
of the levels of potassium and magnesium. The test was standardized 
for the top section of the petiole, because it has the widest range in 
composition. 

For nitrogen, the correlation coefficients between the petiole parts 
and th^ leaf blade were +0.91, +0.86, and +0.90 for the top, middle, 
and bottom parts of the petiole, respectively. Although these values 
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exceed the .01 level of significance, the usefulness of these correlations 
is limited because of the small range and low percentages of nitrogen 
in the petiole in comparison with the leaf blade. 

For phosphorus, the correlation coefficients were +0.40, +0.86, and 
+0.38 for the top, middle, and bottom parts of the petiole. Only the 
coefficient for the middle section attains statistical significance. This 
situation is difficult to interpret and perhaps merits further attention. 

For calcium, the correlation coefficients were +0.63, +0.86, and 
+0.82 for the top, middle, and bottom parts of the petiole respectively. 
The first is statistically significant at the .05 level and the latter two 
at the .01 level. 

Summary 

A quick tissue test for potassium and magnesium deficiencies in tung 
is described in which Morgan’s reagents are used with fresh leaf peti- 
oles. Data are presented showing a highly significant correlation be- 
tween the quick test detenninations of potassium and magnesium and 
the quantitative analyses of the leaf blades. 

The top, middle, and bottom sections of the petiole differed greatly 
in composition. In all elements except nitrogen the top of the petiole 
(nearest the leaf blade) was highest in percentage composition on dry 
weight basis, the middle lowest, and the bottom intermediate. The 
relation of the composition of the petiole parts to that of the leaf blade 
varied for the different elements and even for different levels of the 
same element, but in general there was a high positive correlation. 
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EfiFects o£ Nitrogen^ Phosphorus, and Potassium 
on Growth and Yield of Tung Trees 
and Ckimposition of Fruits 

By George M. Bahrt and George F. Potter, U, S, Department 
of Agriculture, Bogalusa, La, 

I N the fall of 1940 an experiment was inaugurated in a 6 -year-old 
seedling tung orchard on Red Bay fine sandy loam soil near Luce- 
dale, Mississippi, to determine some of the effects of nitrogen, phos- 
phorus, and potassium on the growth and production of tung trees 
and on the oil content of the fruit. 

The trees, planted 25 feet apart each way, were arranged in 108 
plots of six trees each, the individual plots being separated by appro- 
priate guard rows. In the fall of 1941, 500 pounds per acre of basic 
slag was applied to all plots at the time of seeding a winter cover crop 
of vetch. In 1942 and succeeding years, no cover crop was planted, but 
a blanket application of 200 pounds per acre of 20 per cent super- 
phosphate was made on the volunteer native vegetation and crotalaria. 
When turned under the cover crop returned to the soil the phosphorus 
and other food .materials that it absorbed from the basic slag or the 
superphosphate or from the soil, and in addition the nitrogen fixed by 
the vetch and volunteer legumes. The amounts thus made available to 
the trees constituted the low level of each element in this experiment. 
Beginning in 1941 supplementary applications were made annually in 
March to establish intermediate and high levels of each of the three 
elements. For the intermediate level the amounts applied per acre 
were : nitrogen, 18 pounds of N, one-third as sodium nitrate and two- 
thirds as sulphate of ammonia; phosphorus, 18 pounds of P 2 O 5 , as 
superphosphate ; potassium 13.5 pounds K 2 O as muriate. For the high 
level twice these amounts were applied. Each level of each element 
was used alone and in all possible combinations with different levels 
of the other two elements, making a total of 27 treatments, which were 
set up in four replications. The 27 treatments were distributed at ran- 
dom within replications. 

From 1941 to 1944, the fertilizers were broadcast over the whole 
area of the orchard, Subssequent to the initiation of this experiment, 
Bahrt (1) found that applying the fertilizer in a band beneath the 
spread of the branches was more effective than broadcasting, and this 
method was adopted for the spring applications beginning in 1945. In 
August 1942, 16 samples of leaves were taken, two from each of the 
eight treatments representing all possible combinations of the high and 
low levels of each element. For each treatment, one sample was com- 
posited from replications I and II and the other from replications III 
and IV. The same eight treatments were sampled in Augu.st in 1943,. 
1944, and 1945, by taking each of the four replications separately, 
making a total of 32 samples. In all cases, each sample consisted of 48 
to 50 midshoot leaves from shoots of modal length, in representative 
positions on four sides of each tree in the plot or plots. 

In both 1943 and 1944 representative samples of 100 fruits, consist- 
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ing of approximately an equal number from every tree, were taken 
from each plot, so far as available. Owing to frost injury to the crop 
in 1943, only 62 samples could be collected that season ; 108 samples 
were taken in 1944. The moisture content of the fruit was brought to 
equilibrium with a saturated solution of calcium chloride. The fruits 
were then divided into their component parts, and analyzed^ for oil 
content as described by Potter et at (3). 

Results 

In this experiment one-third of the total number of trees received 
the low level of nitrogen, another third the intermediate level, and the 
remaining third the high level, all three groups having received com- 
parable amounts of ])hosphoriis and of potassium. Similarly the or- 
chard can he divided into another set of three groups according to level 
of phosphorus aj^plied, all three groups having received comparable 
amounts of nitrogen and potash. Finally, a similar division can be 
made according to level of potassium, with comparable amounts of 
nitrogen and pbosjdiorns. Statistical analyses of the data on growth 
and production of trees and composition of the fruit showed no signifi- 
cant interactions between the three elements applied. The responses to 
each element can therefor be studied most precisely as averages for 
the three sets of groups outlined above. 

Lcaj Composition : — The data,^ which are given in Table T, indicate 
that the application of nitrogen were reflected in leaf composition as 

TABLE I — Efffcts of Fertilizers on the Nitrogen, Phosphorus and 

Potassium Content of Tung Leaves Sampled in August (Dry Basts) 


Constituents m the Leaves 


1 


Nitrogen as N 

Phosphorus as P 

Potassium 

as K 

F Required At 

Year 

Samples 





1 







(No.) 

Rate of Ap- | 


Rate of Ap- 


Rate of Ap* 1 





plication 


nhcation 


plication 






(Pei 

Cent) 

P 

(Per 

Cent) 

F 

(Per 

Cent) 

F 

0.05 

0.(K)I 





Found 


Found 


Found 

Level 

Level 



Low 

High 


Low 

High 


Low 

High 

1942 

u\ i 

1 23 

1.02 

1.10 

0.11 

0.11 



0 91 

0 87 

* 

3.79 

7.00 

1943 

32 1 

1 02 

2 32 

14.89 

0 13 

0.14 

7.25 

0.85 

0.97 

2 14 

2 49 

3 65 

1944 

27t 

1.90 

2.28 



0 13 

0.15 

— 

0 81 

1.09 

— 

— 

— 

1945 

32 1 

1.79 

2.08 

5 81 

0.15 

0 19 

12.50 

0 72 

0 98 

6 37 

2 49 

3 65 


♦Mean square for treatments lower than mean square for error. 

fFive samples lost. Readings computed from 27 plots but data not analyzed statistically. 


early as 1942 and 1943. The response to applications of phosphorus 
and potassium occurred more slowly, but ultimately substantial differ- 
ences due to fertilization were observed. 

^The writers are indebted to A. J. Loustalot, assistant plant physiologist 
(resigned), and S. G. Gilbert, associate plant physiologist, U. S, Field Labora- 
tory for Tung Investigations, Gainesville, Florida for the oil analyses. 

“The writers are indebted to Dr. Matthew Drosdoff, soil technologist, U. S. 
Field Laboratory for Tung Investigations, Gainesville, Florida for the leaf 
analyses. 
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Response to Nitrogen: — Potter, Kilby, and Bahrt (2) have -pub- 
lished data showing that applications of nitrogen have had a negligible 
effect on the size of individual tung fruits, and unpublished data from 
rather extensive experiments indicate that the same is true for phos- 
phorus and potash. Also, observations covering a period of years indi- 
cate that the percentage set of pistillate tung flowers is ordinarily so 
high that it is not influenced appreciably by fertilizer applications. 
Hence the crop of 1941 reflects the yield of fruit before the differential 
fertilizers were applied. The crop of 1943 was almost wholly destroyed 
by frost. The additional nitrogen applied produced rather substantial 
responses in yield in 1942 and 1944 (Table II). It is believed that the 
low yield of 1945 was due to the biennial bearing tendency in tung, 
which has been described by Potter, Sitton, and McCann (4), and 
which would tend to restrict production in 1945 on those trees that 
bore most heavily in 1944. Considering the whole period, the higher 
the level of nitrogen, the higher the yield. The average yields for four 
years, 1942 to 1945, were 10.4, 15,2, and 19.1 pounds of air dry fruit 
per tree for low, intermediate, and high levels of nitrogen, respectively 
(Table II). These increases in yield have very high statistical signifi- 
cance. These data sitpport those previously reported (2, 5). 


TABLE II — Effects of Levels of Nitrogen, Phosphorus, and 
Potassium on Growth and Yield of Tung Trees 


Fertilizer 

Element 

Level 

Gam in 
Cross-Sec- 
tional Area 
of Trunk 
1940-1945 
(Sq In) 

Average Yields Air Dry Fruit Per Tree 
d-hs) 

Average 
1942 to 
1945 
(Lbs) 

1941 

1942 

1943 

1944 

1945 

Nitrogen 

Low 

20.7 

27 

12.3 

0.9 

13 8 

14.7 

10 4 


Intermediate 

25.9 

3.1 

1.5.1 

1.0 

27.9 

16.9 

15.2 


High 

31,2 

2.7 

17.8 

1.7 

39.2 

17.9 

19.1 

F found 


26.11 


7.51 

3.51 

27.33 

4.26 

24.43 

Phosphorus 

Low 

25.0 1 

2.6 

1JS.7 

1.1 

26 2 

15 0 

14.5 


Intermediate 

24.9 

2.5 

13.2 

1.4 

25.1 

16 4 

14.0 


High 

27.8 

3.4 1 

16.2 

1.2 

29.6 

18.0 

10.3 

P found 


2.58 

3.22 

2.57 

* ; 

* 

3 49 

1.82 

Potassium 

Low 

25 6 

2.9 

15 5 

1 5 I 

29 4 

16.2 

15 7 


Intermediate 

24 9 

27 

14 4 

1.1 ! 

27.0 

16 6 

14.8 


High 1 

27.2 

2.8 

15.3 

1 i 

24.5 

16.6 

144 

F found 


1.30 

♦ 

♦ 

* 

1.02 

* 

•¥ 


♦Mean square for treatment less than mean square for error. 
P required for 0.05 level 3.1 1 
F required at 0.01 level 4.88 


The data in Table II show that the gains in cross-sectional area of 
the trunks for the period 1940 to 1945 inclusive, were 20.7, 25.9, and 
31.2 square inches, respectively, for the low, intermediate, and high 
levels of nitrogen. These differences are supported by an observed 
value of F of 26.11 where 7.76 is required for significance at the .001 
level. Since the gain in cross-sectional area of the trunks of the trees 
at the high level of nitrogen was 50.7 per cent greater than that at the 
low level, it is evident that a considerable proportion of the increase in 
yield is due simply to size of tree. 
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Data on composition of the fruit (Table III) show that nitrogen 
produced a statistically significant decrease in percentage of oil in the 
kernel and a tendency toward a higher percentage kernel in the whole 


TABLE III — Effects of Levels op Nitrogen, Phosphorus, and 
Potassium on Composition of Tung Fruits* 


Fertiliatcr 

Element 

Level 

Kernel in Whole 
Fruit (Per Cent) 

Oil in Kernel 
(Per Cent) 

Oil in Whole Fruit 
(Per Cent) 

1043 

1944 




1044 

Nitroi^en i 

Low 

30.7 

30.0 

65.1 

64.0 

20.1 

19.6 


Intermediate 

30.8 

30.8 

62.6 

63.3 

10.3 

19.5 


High 

31.6 

31.7 

61.6 

62.0 

19.4 

19.6 

F found 


t 

9.39 

8.42 

51.26 

t 

t 

Phosphorus 

Low 

31.0 

30.6 

62.9 

63.2 

19.6 

19.3 


Intermediare 

31.6 

31.0 

63.5 

63.5 

20.2 

19.7 


High 

30.4 

31.0 

62.5 

63.4 

10.0 

19.6 

F found 


1.31 

t 

1.04 

1.41 

1.66 

3.21 

Potassium 

how 

30.2 

31.1 

61.9 

62.8 

18.7 

19.6 


Intermediate 

31.4 

30.9 

64.0 

63.8 

20.1 

19.7 


High 

31.8 

30.5 

63.8 

63.6 

20.3 

19.4 

F found 


2.29 

t 

3.38 

6.11 

' 3.14 

1.06 


♦Owing to loss of crop from frost injury, only 62 samples could be collected in 1943. The analysis 
U8e<l requires an P value of 3.17 at 0.06 and 6.01 at 0.01. In 1944, 108 samples were collected and 
P values of 3.11 at 0.06 and 4.88 at 0.01 are required. 

tMean square for treatment lower than mean square for error. 


fruit, but no appreciable effect on oil in the whole fruit. In an experi- 
ment on Ora soil at Bush, Louisiana, similar in design but with wider 
differences in levels of fertilizers, Sitton and Loustalot (5) found that 
nitrogen increased the percentage of kernel to such an extent as to 
outweigh the loss in percentage of oil in the kernel and so effect a net 
gain in oil in the whole fruit. 

Response to Phosphorus : — It was previously pointed out that yields 
in 1941 were dependent on the number of pistillate flowers fonned in 
1940, before differential fertilizing was begun, yet there was an appar- 
ent response to phosphorus that year (Table II). This is interpreted 
to mean that, although treatments were assigned at random, by coin- 
cidence the plots that received the high level of phosphorus either 
occupied an advantageous position in the field or they happened to 
have the best individual trees. If this is true, then there was no re- 
sponse in growth, yield, or composition of the fruit that can be at- 
tributed to phosphorus. The lowest level of phosphorus applied, that 
necessary to insure a satisfactory cover crop, was adequate for the 
trees. The additional phosphorus absorbed at the higher rates of appli- 
cation was evidently luxury consumption. 

Response to Potassium : — Potassium produced no significant dif- 
ferences in cross-sectional area of the trunks, and as an average for 
the 4-year period higher yields were obtained from the plots receiving 
no potassium than from those to which the intermediate and high 
amounts were applied, but the differences are without statistical sig- 
nificance (Table II). However, the percentage of oil in the kernel was 
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increased both years, and trends toward increased percentages of 
kernel in the whole fruit and of oil in the whole fruit were observed 
at the intermediate and high levels of potassium in 1943, but not in 
1944. That the application of potassium usually increases percentage 
kernel and percentage oil in the whole fruit has been shown by Potter 
etal (3) and also by unpublished data from other similar experiments. 

Summary 

Nitrogen significantly increased trunk cross-sectional area of tung 
trees, yield of fruit, and percentage of kernel in the whole fruit, but 
decreased the oil content of the kernel significantly. Percentage of oil 
in the whole fruit was not affected. 

Although the additional increments of phosphorus applied were 
absorbed by the tree in amounts that finally increased the phosphorus 
content of the leaves appreciably, no response was observed in growth, 
production, or composition of the fruit. The lowest level of phosphorus 
applied, that necessary for production of a satisfactory cover crop, was 
adequate for the trees. 

Potassium had no significant effect on growth or yield, but increased 
the oil content of the kernel, and in 1943 also improved the kernel 
content of the fruit and percentage of oil in the whole fruit. 
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A Comparison of Winter and Spring Applications 
of Ammonium Nitrate to Tung Trees 

By Elwood G. Fisher, Felix S* Lagasse, and Judson H. 
Lassiter, U. S, Department of Agriculture, Gainesville, Fla. 

A STUDY ( 1 ) conducted during the winter and spring of 1944-45 in- 
dicated that ammonium nitrate applied to tung trees as early as 
December and January was absorbed in part by the roots within about 
30 days and was transported to the growing points previous to the 
time growth started in the spring. Also it appeared that the trees fer- 
tilized early in the winter had made better growth by June 26, 1945, 
as indicated by shoot weight and length and number of leaves per 
shoot, than trees fertilized later. The experiment was continued dur- 
ing the winter of 1945-46 and further observations on growth and 
composition are reported herewith. 

Materials and Methods 

As reported previously, the experiment was conducted with seed- 
ling tung trees, seven years old when the work was begun in Decem- 
ber 1944, growing on a Norfolk fine sandy soil near Brooker, Florida. 
The 1945^6 treatments consisted of 5 pounds of ammonium nitrate 
per tree applied at diflferent dates as follows : December 29, 1945 ; 
January 24, 1946; February 18, 1946; and March 18, 1946. Each 
treatment was applied to single tree plots in nine replications. These 
treatments were suj)plemental to the grower’s fertilizer, which con- 
sisted of 9 pounds of 7-4-5 per tree applied about April 1, 1946. 

On July 3, 1946, samples, each consisting of 10 bearing terminals 
of 1945 with all the 1946 growth produced thereon, were taken at 
random from each tree. These were fractionated into (a) leaves, (b) 
petioles, (c) fruits, (d) 1946 shoots, and (e) 1945 twigs. The fruits 
and 1946 shoots were counted, the shoots were measured and dry 
weight and percentage of total nitrogen in each component were de- 
termined. Since the 10 tenninals taken for chemical analysis consti- 
tute a rather small sample to represent accurately the average ter- 
minal growth of the trees, the total shoot growth on an additional 36 
terminals was measured in August 1946. Fibrous roots located within 
8 to 10 inches of the soil surface were obtained from four sides of each 
tree. Roots from the nine trees in each treatment were composited 
into three samples, one from replications I to III, another from repli- 
cations IV to \T, and the third from replications VII to IX inclusive. 

Results 

Data on the effect of the supplemental application of ammonium 
nitrate on growth and the nitrogen content of the terminals, leaf 
blades, petioles, and fruits, as of July 3, 1946, are shown in Table I 
and also a summary of the shoot measurements made in August 1946. 
All trees that received the supplemental application of 5 pounds of 
ammonium nitrate exceeded the check trees in shoot growth, number 
of leaves per terminal, and in dry weight of leaves, petioles and shoots. 
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TABLE I— Treatment Averages of 1946 Growth Produced Per 1945 Terminal (July 3, 1946) 


MSHER, LAGASSE, and LASSITER; TUNG TREES 



Between 

Treat- 

ments 

(Inches)tt 

2.44 

1.12 

3.42 

1 1 1 

Leaves 

Sh^t 

(Number) 

a^ooto 0 
weoidis; 
eowc^c* N 

7.47 

4.99 

4.41 

Shoots 
per 1945 
Terminal 
(Number) 

0000 00 
Ncieici i-J 

5-69 

0.37 

0.33 

Supplemen- 
tary Terminal 
Orowth Meas- 
urements 
Aug 1946 
(Cm) 

lO so <3> Oi 
Mf-ioOM 

CO WMeO CM 

1.23 

13 63 

12.03 

Length 

of 

Shoot 

Growth 

(Cm) 

52.0 

37 5 
42.2 

38 7 

29.0 

5.58 

10.74 

9.47 * 

i 

Total 

1946 

Growth 

(Mgs) 

1.167 

1,074 

1,064 

1,081 

774 

0.98 

N.S. 

N.S. 

1 Weight of Nitrogen 


298 

299 
283 
295 

235 

0.31 

N.S. 

N.S. 

(sapv) 

s^ooiij;; 

00 so 1-t i-« lO 
V CO V 

4.17 

13 

11 

(saw) 

soionod 

WOJOO so 

2 i ^ 

^ TO CO 

(SSVi) 

saAUd'-j 

809 

730 

731 
735 

508 

0 ^ ^ 

Total Nitrogen 

(^UOQ J0J) 
s;oo^ 

1.87 

2 09 
1.96 
2.08 

1.77 

1 

9.76t! 

0.04 

0.04 

(;uaQ jad) 

SO 

coeoe0Ti< »h 

12.01 

0.11 

0.09 

(^«9D J9d) 
siooqs 

0.76 
0.81 
0 79 
0.82 

0.76 

1.89 

N.S. 

N.S. 

(;uaQ jaj) 
saionaj 

0.64 
0 62 
0.63 
0 66 

0 61 

2.23 

N.S. 

N.S. 

(luao aaj) 
saAuaq 

2 64 
2.71 
2.64 
2.76 

2.52 

2.83 

0 18 

0.16 

Dry Weight of 1946 
Growth 

(SUIQ) 

22.9 

22.0 

21.0 

20 0 

20.0 

1.72 

N.S.t 

N.S. 

(SUIQ) 

s?ooqs 

eo 

sO'<t<«o»o eo 

00 ^ 

os >0 

eo r-t ,-4 

(smo) 

saioi^aj 

1.9 

1.6 

1.6 

1.5 

0.9 

3.88 

0 56 

0.50 

(SUIT)) 

saAvaT 

^ ^ S 

ta CO os 

TO TO r- 

eo to TO 

6 Pounds 
NH 4 NO, 
(Date 
Applied) 

Dec 29. 1945. 

Jan 24, 1946. ... 
Feb 18, 1946 . . . 
Mar 18. 1946 
Check— No addi- 
tional fertilizer 

P Value* . . . 

Least significant 
difference at 5 
per cent com- 
paring Decem- 
ber applica- 
tion** ... 

Least sigmficant 
difference at 5 
per cent for all 
other compari- 
sons 
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The components of the fertilized trees also tended to have a higher 
nitrogen content than those of the check trees, both on a percentage 
basis and as milligrams per plant part, although some of the differences 
failed to attain statistical significance. The effect of the time of apply- 
ing the supplemental ammonium nitrate appears to be of relatively 
little importance. The trees to which this material was applied in 
December tended to have the best growth and the greatest nitrogen 
content on the basis of weight per plant part, but the differences ob- 
served are less pronounced than those reported for the previous sea- 
son, and in most instances do not attain statistical significance. 

The roots of the trees receiving the ammonium nitrate in December 
were lower in percentage of nitrogen on July 3 than those of any other 
trees except the checks, a condition similar to that previously reported 
for April 26, 1945. This may be due to earlier translocation of the 
nitrogen to the top or earlier utilization by the tree. 

In this orchard in 1945-46, tung trees, even in a rather sandy 
soil, were able to utilize nitrogen applied in December or January 
just as effectively as that applied at the conventional time from 
mid-February to mid-March. Tung growers, especially those who 
are engaged in extensive operations, find it advantageous to begin to 
fertilize their orchards rather early in the winter, rather than to at- 
tempt to complete the whole job during a short period at about the 
time that the trees start growth. The evidence presented here sup- 
ports that previously reported and suggests that applications may be 
made in December and January without undue risk. However, this 
experiment was on a rather limited scale and more extensive tests, 
therefore have been set up to obtain further evidence on early winter 
fertilization. In some of the tung growing areas of the southeastern 
United States, winter rainfall is much heavier than at Gainesville, 
Florida. In such locations early winter applications of fertilizer would 
be more likely to result in loss by leaching, unless the trees were 
growing in soils having a high base exchange capacity. 
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On the Bearing Behavior of the Kaki Persimmon 
(Diospyros kaki) 

By R. W. Hodgson and C. A. Schroeder, University 
of California, Los Angeles, Cal, 

B oth the Japanese and American literature contain numerous refer- 
ences to the alternate or biennial bearing tendency which charac- 
terizes certain varieties of the kaki or Oriental persimmon (1, 2). 
The first published data which depict this tendency in the United 
States appear to be those obtained by the senior author in another 
connection (3). In this study it was noted that 38 of the 53 trees of 
the Hachiya variety, or 70 per cent, whose yield records were reported 
had exhibited perfect alternation in bearing behavior during the period 
in question. 

The establishment in 1930 of what was probably one of the largest 
collections of kaki persimmon varieties in the United States within a 
few years provided an unparalleled opportunity to obtain a general 
view of the bearing behavior of the species as a whole. The necessity 
for the removal of this collection in the winter of 1945 terminated the 
studies in question, which have been resumed elsewhere, and is con- 
sidered to justify the presentation of a report at this time. 

Materials 

The data employed in this study were obtained from 94 trees in a 
variety collection established at the Citrus Experiment Station, River- 
side, California, in March, 1930. This collection originally consisted 
of 193 trees, all on the lotus rootstock (Diospyros lotus), representing 
69 accessions and approximately 50 varieties, mainly introductions 
from China and Japan made by the United States Department of 
Agriculture. The keeping of detailed yield records, in numbers of 
fruits per tree, was begun with the 1939 crop in connection with 
studies previously undertaken on floral situation, sex condition and 
parthenocarpy (4), These studies were concluded with the crop of 
1945, at which time there remained in the collection the 94 trees in 
question on which yield records were available for the full period of 
the study, the others having progressively been removed to eliminate 
pollen sources and resultant fruit seediness. As a consequence the 41 
accessions and 25 varieties whose bearing behavior is here reported 
are almost certainly all pistillate forms. 

During much the greater part of the period of this study, however, 
pollen sources scattered through the planting resulted in more or less 
seediness throughout. Moreover, comparison of the bearing behavior 
of the trees which regularly produced staminate flowers, and hence 
seedy fruits, strongly suggests that the 94 trees employed in this study 
comprise a representative sample for the group as a whole. 

Data and Results 

Limitations of space preclude the presentation of the individual tree 
yield records. Upon analysis, however, it has been found that they fall 
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into four groups with reference to bearing behavior for the 7-year 
period of record, 1939 to 1945. The average yields, in number of 
fruits per tree, for these groups and for the 94 trees as a whole are 
shown in Table I, and their bearing behavior in Fig. 1. 


TABLE I — Average Yields of Persimmon Trees, 193^1945 
(Number of Fruits Per Tree) 


1039 

1940 

1941 

1942 

1943 

1944 

1945 

109.5 1 

1 6.53.6 ( 

74.9 

Group I {36 Trees) 

[ 592.4 1 

98.3 

1 528.3 1 

180.1 

Ifil.l 1 

1 46.5 1 

202.6 

Group 2 {22 Trees) 

1 34 0 1 

234 6 i 

1 38.2 1 

151.9 

87.8 1 

1 370.0 1 

90.8 

Group 3 (19 Trees) 

1 263.1 1 

244.6 

1 145.1 1 

288.8 

10.3.1 1 

1 313.4 1 

186 4 

Group 4 {17 Tree'i) 

1 146 4 1 

205.0 

1 329.5 1 

225.5 

126.9 ! 

1 392 3 1 

All Groups Together {94 Trees) 

128.2 1 314.7 1 179.1 | 

1 300.2 1 

203.7 



Fig. 1. Bearing behavior of 94 Oriental persimmon trees; average for the 
group as a whole, and for each of the four sub-groups of similar bearing 
behavior. 


Group 1 : — This group consists of 36 trees (38.3 per cent) which 
alternated perfectly throughout the period, starting in the ‘'ofF*-crop 
phase in 1939 and ending in that phase in 1945. 
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Group 2 : — This group contains 22 trees (23.4 per cent) which 
likewise alternated perfectly throughout the period but in o[)posite 
phase to the trees in group 1. 

A total of 58 trees (61.7 per cent), therefore, exhibited perfect 
alternation throughout the 7-year period. In this connection it will 
be recalled that 70 per cent of the Hachiya trees reported on by the 
senior author (3) alternated perfectly for a somewhat shorter period. 
Examination of the data in question reveals that these trees likewise 
consisted of two groups in opposite phases of alternation. 

Group 3 : — This group consists of 19 trees (20.2 per cent) which 
alternated in bearing for 6 of the 7 years, having changed stride of 
alternation once during that period. The greater part of them were 
similar to the trees in group 1 for the first 5 years but then changed 
stride. The others w^ere similar to the trees in group 2 at the outset 
but changed stride shortly thereafter. The influence of the former was 
dominant for the group as a whole. 

Examination of the individual records of the trees comprising this 
group shows that in every case the change in stride of alternation 
followed the production of a crop intermediate in size between the 
amplitude of alternation exhibited up to that time. 

Group 4 : — This group contains 17 trees (18.1 per cent) whose 
bearing behavior did not exhibit any consistent pattern for the period 
in question. Some of these tended to alternate part of the time but 
changed stride twice during the period. Others showed little if any 
tendency toward alternate bearing. 

All Groups Together : — The pattern of alternate bearing behavior 
exhibited by the four groups averaged together is undoubtedly the 
result of the dominance of groups 1 and 3, which comprise 58.5 per 
cent of the total and in which, for unknown reasons, the amplitude of 
alternation was greatest. 

Varietal Behavior : — Examination of the individual tree yield data 
discloses the fact that 19 of the 25 varieties (76 per cent) exhibited 
perfect alternation (groups 1 and 2) in part or all of the trees repre- 
sented. Twelve of these contained trees in group 1, three contained 
trees in group 2, and four had trees in both groups 1 and 2. Four 
varieties consisted only of trees in group 3 and two had trees only in 
group 4. Two of the four varieties in group 3 were represented by one 
tree each and both varieties in group 4 consisted of one tree each. It 
therefore appears that 23 of the 25 varieties (92 per cent) represented 
in this study have clearly exhibited the alternate bearing tendency. 

Discussion and Conclusions 

Attention should be directed to the fact that the amplitude of alter- 
nation in bearing behavior exhibited by the trees employed in this 
study is actually considerably less than that indicated by the data 
herein reported. This arises from the fact that the yield records were 
recorded in number of fruits per tree rather than in weight of crop. 
On many trees, notably those in which alternation was most pro- 
nounced, average fruit size was considerably smaller in the large crops 
than in the small crops. As a consequence the differences were less 



148 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


than the data indicate^ but by no means sufficient to cast doubt on the 
validity of the conclusions drawn. Indeed, examination of the indi- 
vidual tree yield data reveal numerous instances of complete failure 
to bear following excessively large crops. While the data are insuf- 
ficient to permit of the drawing of conclusions, they suggest that the 
alternate bearing tendency is more marked in certain varieties than in 
others. 

From the similarity in bearing behavior exhibited by groups 1 and 
3 for much the greater part of the period of this study, and the fact 
that together they comprise nearly 60 per cent of the total, the conclu- 
sion seems warranted that at least half of the trees in this study set 
their first crops large enough to initiate the alternate bearing tendency 
in the same year and continued to alternate with pronounced regu- 
larity thereafter. Evidently, however, a considerable number, repre- 
sented by group 2, did not reach that condition until a year later, 
from which time on they too have continued to alternate with pro- 
nounced regularity, though with less amplitude in alternation. Col- 
lectively these three groups have comprised 81.9 per cent of the total. 

It may also be noted that the alternate bearing tendency herein 
established is markedly similar to that reported for the Fuerte avocado 
(5), the Valencia orange (6) and the loquat (7). 

From this study it is concluded that the tendency toward alternate 
bearing behavior is strongly marked in horticultural varieties of the 
Oriental or kaki persimmon (Diospyros kaki). 
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Rootstock Influence on Fruit-Set in the 
Hachiya Persimmon 

By C. A. ScHROEDER, University of California, Los Angeles, Cal, 

T he Hachiya variety of the Oriental persimmon (Diospyros kaki) 
when grown in California exhibits continuous dropping of im- 
mature fruit during the season (1). Abundant field and experimental 
evidence (3) indicates that in California all varieties of the Oriental 
persimmon set and develop fruit parthenocarpically ; hence inadequate 
pollination cannot be the reason for the observed heavy dropping of 
immature fruits. The tendency for Hachiya, the most important com- 
mercial variety in California, to shed a large percentage of its fruit 
prematurely when grown on D. lotus rootstock has been noted (2). 
As to whether the small crops of Hachiya grown on D. lotus root- 
stock result from a smaller flower crop or from a relatively heavier 
shed of immature fruit has not been determined thus far, however. 

The objective of the present investigation was to ascertain the facts 
as to the quantity of blossom production and fruit shed in the Hachi- 
ya persimmon as related to the common rootstocks on which it has 
been propagated. 

Methods and Materials 

Single trees of Hachiya on each of the three rootstocks Diospyros 
kaki, D. lotus and D, virginiana were propagated and planted in the 
Subtropical Horticulture orchard at Los Angeles in 1934. The trees 
were among those used in an earlier study (2). They were of good 
size and in good health. The Hachiya-D. kaki combination bears a 
satisfactory commercial crop. 

Collections and records were made of all blossoms and fruits shed 
and matured in the two seasons 1945 and 1946. Two years of data 
were obtained so that alternation of bearing behavior might be de- 
tected if it occurred. 

Data and Discussion 

A tendency for the variety Hachiya to alternate in its bearing ir- 
respective of the rootstock on which it grows is observed in Table I. 
The marked reduction in annual and total yield on Diospyros lotus 
rootstock compared with D. kaki is evident, although both trees are of 
approximately the same size and presumably have about equal bear- 
ing surfaces. Hachiya grown on D, virginiana, however, is a distinctly 
smaller tree and is included in the study primarily for comparison. 


TABLE I — ^Yield in Fruits Hachiya Persimmon 


Rootstock 

Bj 

1941 

1942 


Qj 

1945 

1946 

Total 







274 

167 

1,029 

227 







81 

68 


■eI 





44 

36 

146 


Total blossom and fruit production for the seasons 1945 and 1946 
are given in Table II. It will be observed that Hachiya on Diospyros 
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lotus produced more blossoms (5.4 and 12.1 per cent respectively), 
but matured less fruit (70.5 and 56.8 per cent respectively) during 
this two year period when compared with Hachiya grown on D. kaki. 


TABLE II — Number of Flowers and Mature Fruits 
Hachiya Persimmon 


Rootstock 

194.5 

1946 

Total , 
Flowers 

Total i 
Fruit 

Per Cent of 
Flowers Which 
Matured as Fruit 

Total 

Flowers 

Total 

Fruit 

Per Cent of 
Flowers Which 
Matured as Fruit 

Diospyros kaki . . 

t 4.147 

274 

7.02 

4..597 

157 

3.41 

Diospyros lotus 

4.399 

81 

1.81 

5,256 

68 

1.29 

Diospyros virttiniana 

1,253 

44 

3..34 

1,716 

36 

2.09 


Continued shedding of blossoms, immature and nearly mature 
fruits is the normal behavior of most Kaki persimmon varieties. The 
variety Hachiya is among those which exhibit this tendency. The fact 
that a considera])le part of the shedding is of rather large fruits which 
are conspicuous because of their size is often of concern to the com- 
mercial grower or individual tree owner. A satisfactory yield may be 
obtained, although as much as 96 per cent of the total blossoms are 
shed as flowers or immature fruits from Hachiya on Diospyros kaki 
rootstock. A less satisfactory yield often results when Hachiya is 
grown on D, lotus rootstock. 

Although a rather high percentage of flowers mature as fruits on 
the Hachiya on Diospyros virginiana, the crop is quite unsatisfactory 
because of the sparse bloom. 

The influence of rootstock on number of blossoms produced and the 
percentage which mature as fruit is quite evident. The ratio of total 
crops of Hachiya on Diospyros kaki to Hachiya on D. lotus for the 
two years 1945 and 1946 is 3.38 and 2.32 to 1 respectively. Thus more 
flowers were formed on the Hachiya-lotus combination but fewer 
fruits were matured. 

The conclusions suggested by the data are: (a), a satisfactory yield 
in the Hachiya persimmon is obtained if 4 or 5 per cent of the flowers 
mature as fruits; and (b), the relatively small yields obtained from 
Hachiya on Diospyros lotus rootstock are not the result of fewer 
flowers produced, but of a smaller percentage of flowers which mature 
as fruits. 
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Relation of Growth to Fruiting in Citrus^ 

By G. S. Randhawa, and H. S. Dinsa, University of the 
Punjab, India 

T he ultimate objective of a commercial fruit grower is to obtain 
regular crops from his trees throughout their productive life. To 
attain this end, it is necessary for him to understand the relation of 
different growth characters as influenced by cultural practices, and 
their effect on fruit-bud formation. 

Like most of the tropical and sub-tropical fruits, growth in citrus 
trees is cyclic, that is, successive periods of growth alternate with 
complete quiescence. Such periodic growths are termed ‘'flushes''. 
The number of flushes in a tree depends upon many factors, such as 
variety, climatic and weather conditions, cultural practices, amount 
of crop borne by such trees, their age, and so on. The citrus trees 
under Punjab conditions initiate growth in March which continues in 
the form of flushes till it finally ceases about December. During this 
period they produce from two to five flushes depending upon the fac- 
tors mentioned above. 

Numerous workers with deciduous trees and mangoes found a 
definite relationship between certain growth characters and fruit-bud 
formation. Their work, however, bears little relation to citrus. There- 
fore, this problem was undertaken in an important commercial variety 
of sweet orange known as Valencia Late. 

Materials and Methods 

Two sets of trees, (mature trees and young trees), were selected for 
these studies. The type of material and layout is given separately 
below. 

Mature Trees : — Six mature Valencia Late trees, of uniform origin 
and age, were selected in the experimental orchards of the Punjab 
Agricultural College and Research Institute, Lyallpur, India. These 
plants were secured from .South Africa and planted in the orchard in 
September, 1931, for varietal trials. Since 1935 they have borne fruit 
under apparently uniform conditions of soil and orchard management. 

Shoots were selected on these trees for two purposes : (a) To study 
the behaviour of shoots carrying fruit to maturity in both the current 
and following seasons. Two hundred non-bearing (vegetative) and 
one hundred fruit bearing shoots were selected at random and labelled 
on each of the six experimental trees in October, 1943. Half the shoots 
were terminals and half, laterals, (b) To study the extension growth, 
leaf area, internodal length, number of laterals and so on, and their 
relation to fruiting. Shoots were selected at the initiation of each 
growth flush during the growing season of 1944. The mature trees 
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produced two flushes in the entire season. The total number of shoots 
studied in this case were 192. 

Young Trees:— Six apparently uniform young trees of Valencia 
Late variety, just coming into bearing, were selected in the experi- 
mental orchards of the Punjab Agricultural College, Lyallpur, India. 
These plants had been budded in situ in 1940-41 on rough lemon 
rootstock, and were growing under uniform conditions of soil and 
orchard management. 

Shoots were selected for a single purpose, to study the extension 
growth, leaf area, internodal length, and so on, and their relation to 
fruiting. These plants produced four growth flushes. A total of 288 
shoots from these four flushes were studied. Half of these shoots 
were tenninals and half, laterals. 

The following methods were employed for recording the data. 

Extension Growth: — The shoots were measured with a meter rod 
from the previous years leaf scar. Subsequent measurements were 
recorded at fortnightly intervals. These measurements continued until 
growth finally ceased. 

Leaj Area: — The leaves of each shoot were measured without de- 
taching them from the branch with the help of an integrator as de- 
scribed by Vyvyan and Evans (3). The measurements were taken at 
fortnightly intervals until leaf growth finally ceased. 

Flowering and Fruiting Records: — ^The shoots selected for study of 
extension growth and leaf area during the growing season of 1944 
were kept under observation to determine the number of blossoms 
borne, fruit set, and number of fruits dropped in the following season. 

Results 

Since all the flushes of the two sets of trees behaved alike, the 
March flush of both sets is taken as the representative one. The 
extension growth, leaf area, and their correlation with fruiting is 
shown graphically in Figs. 1 and 2. 

The terminal and lateral shoots of all the flushes of two sets were 
arranged in these four classes : 

a. Non-flowering (weakly vegetative). 

b. Bearing 1 to 10 flowers. 

c. Bearing over 10 flowers. 

d. Non-flowering (highly vegetative). 

Flowering proved to be correlated with extension growth, Fig. 1. 
Also, the terminal shoots produced more growth than did the laterals. 
For example, the terminal shoots of the March flush of mature trees, 
of the four classes showed 6.9, 10.5, 16.5, and 11,6 centimeters of 
extension growth respectively, as compared with S.4, 7.8, 15.1, and 
10.8 centimeters, respectively, for the lateral shoots. In young trees, 
the figures for the four classes of terminal shoots were 9.1, 20.5, 25.2, 
and 26.5 centimeters of extension growth, respectively, whereas in the 
lateral shoots it was 8.9, 12.1, 22.8, and 14.4 centimeters. 

The curve of extension growth and leaf area of shoots in class a was 
the lowest, followed in order by classes b, d, and c, except in terminal 
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shoots of young trees where class d had more extension growth and 
leaf area than class c. Figs. 1 and 2. Therefore, among the flowering 
shoots the longer shoots bore more flowers than did the shorter ones. 

The June flush showed the highest percentage of flowering shoots, 
followed by the March, July, and September flushes in this order. It 



Fig 1. Cumulative extension growth of March flush in relation to number 
of blossoms formed. 
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Fig. 2. Leaf area of March flush shoots in relation to the number 
of blossoms formed. 


was concluded, therefore, that the earlier flushes were of higher pro- 
ductive capacity than the late ones, in both sets of trees, Tables I and 
II. 

fruiting Records : — No relationship was found between the crop 
that remained on the shoots after the June drop and the number of 
blossoms borne by each shoot. In the mature trees, however, 42.0 
per cent of the total blossoms set fruit and only 3.3 per cent remained 
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TABLE I — Behaviour of Different Growth Flushes of Mature Trees* 


Material 

Percentage of Non-Plowering Shoots 

Percentage of 
Shoots Bearing 

1 to 10 Flowers 

Percentage of 
Shoots Bearing 
Above 10 Flowers 

Highly 

Vegetative 

Weakly 

Vegetative 



March Flush 


Terminal . | 

1 14.5 1 

12.5 

41.7 

1 31.3 

Lateral . . 

1 18.9 1 

14.5 

39.6 

27.0 

Average . . 1 

1 16.7 1 

13.5 

40.7 

1 29.1 



July Flush 


Terminal. . 

1 23.0 1 

23.0 

37.5 

1 16.5 

Lateral ... 

13.6 

29.1 

43.8 

13.5 

Average . . 1 

1 18.3 1 

26.1 

40.6 

1 15.0 


♦The March flush formed higher percentage of flowering shoots than did the July flush. 


TABLE II— Behaviour of Different Growth Flushes of Young Treks 


Material 

Percentage of Non-Plowering Shoots 

Percentage of 
Shoots Bearing 

1 to 10 Flowers 

Percentage of 
Shoots Bearing 
Above 10 Flowers 

1 

Highly 1 

Vegetative 

Weakly 

Vegetative 



March Flush 


Terminal I 

1 12.4 1 

4.2 

14.6 

1 68.8 

Lateral . . 

10.4 

8 3 

27.1 

54.2 

Average 1 

1 11.4 1 

6.3 

20.9 

1 61.5 



June Flush 


Terminal | 

1 4 2 

6 3 

27.0 

1 62.5 

Lateral 

44 

16.5 

27.0 

52.1 

Average ! 

1 4.3 1 

11 4 

27.0 

1 57.3 



July Flush 


Terminal i 

1 1 

16.7 

25.0 

58.3 

Lateral 

84 

20 8 

29.2 

41.6 

Average . | 

1 4.2 1 

18.7 

27.1 

50.0 



September Flush 


Terminal I 

1 20.8 1 

8.3 

29 2 

1 41.7 

Lateral 

25.0 

8.3 

29.2 

37 5 

Average 1 

1 22.9 ! 

8.3 

29.2 

1 39.6 


on the tree after June. In the young trees, 16.8 per cent of the blos- 
soms set fruit and only 1.1 per cent remained on the tree after June. 

Behaviour of Shoots Carrying Fruit to Maturity 

Fruiting Branches : — Of the shoots which bore fruit in 1943, 11,1 
per cent flowered, 70.7 per cent remained vegetative, 18.2 per cent 
dried and finally, 5.6 per cent matured fruits in spring 1944. But, the 
same shoots in 1945 season showed 43.4 per cent flowering, 17,4 per 
cent remaining vegetative, 39.2 per cent dried and finally, 25.8 per 
cent retained fruit after the June drop, Table III. 

Non-jruiting Branches : — Of all the shoots that remained flowering 
in 1943, 36.2 per cent remained vegetative, 61.6 per cent flowered, 2,2 
per cent dried, and 46 per cent retained fruit after the June drop in 
1944. Of the same branches 66.1 per cent remained vegetative, 26.7 
per cent flowered, 7.2 per cent dried, and 12.4 per cent retained fruit 
after the June drop in 1945, Table IV. 
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TABLE III— Behavioue of Fruiting Branches in Subsequent Years 


Materia] 

No. 

1944 

1945 

Vegeta- 

tive 

Flower- 

ing 

Fruit- 

ing 

Dead 

Vegeta- 

tive 

Flower- 

ing 

Fruit- 

ing 

Dead 

Terminal . . . 

350 

2.52 

38 

17 

60 

68 

166 

97 

116 

Lateral. . 

350 

243 

40 

22 

67 

54 

138 

84 

158 

Total shoots. 

700 

495 

78 

39 

127 

122 

304 

181 

274 

Percentage. 


70.7 

11.1 

5.6 

18.2 

17.4 

43.4 

25.8 

39.2 


TABLE IV—Behaviour of Non-Fruiting Branches in Subsequent Years 


1 

Material 

! 

No. 

1944 

1945 

Vegeta- 

tive 

Flower- 
ing ^ 

Fruit- 

ing 

Dead 

Vegeta- j 
tive 

Flower- 

ing 

Fruit- 
ing 1 

Dead 

Terminal . 

700 

241 

442 

324 

17 

1 479 

186 

90 

34 

Lateral 

7(W 

266 

420 

319 

14 

1 447 

188 

84 

55 

Total shoots. 

1400 

507 

862 

643 

31 

926 

374 

174 

89 

Percentage 


36.2 

61.6 

46.0 

2.2 

66.1 

26.7 

12.4 

7.2 


It was concluded from these studies that the shoots of Valencia Late 
variety have a very strong tendency to alternate bearing, that is, a 
high proportion of shoots which bear one year remain barren in the 
next year. 

Mean Shoot Length, Mean Number of Nodes, and Mean 
Leaf Area Per Shoot 

The mean length, mean number of nodes or leaves, and mean leaf 
area per shoot was markedly greater in the flowering shoots than in 
the non-flowering ones. In the young trees there was, however, one 
exception, vie., in the case of the June flush the leaf area per shoot 
was slightly more in non-flowering than in flowering shoots. It was 
also observed that mean length, mean number of nodes and the leaf 
area per shoot was much greater in young than in mature trees, 
Table V. 

Mean Leaf Area Per Unit Shoot Length, Leaf Size, 

AND InTERNODAL LeNGTH 

In the March flush of mature trees the leaf area per centimeter 
shoot length was more in flowering than in non-flowering shoots, 
whereas in the July flush it was equal in both the flowering and non- 
flowering shoots. -Leaf size was greater in the flowering shoots than 
in the non-flowering shoots. Intemodal length did not show any 
relationship with flowering. 

In young trees, leaf area per centimeter of shoot length was more 
in flowering shoots of March and September flushes than in non- 
flowering shoots, but in the June and July flushes it was quite the 
reverse. Leaf size was greater in the non-flowering than in the flower- 
ing shoots, except in the September flush where the leaves of the 
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TABLE V—Mean Shoot Length, Mean Number of Nodes, and Mean 
Leap Area per Shoot in Different Growth Flushes (1944) 


Season 

Flowering 

or 

Non-flowcnng 

Mean Length 
(Cm) 

Mean No. of 
Nodes 

I#eaf Area 

Per Shoot 
(Sq Cm) 


A . Mature Trees 



March flush 

Non-flowering 

8.7 

4.5 

75.9 


Flowering 

12.5 

7.3 

136.5 

July flush 

Non-flowering 

8.2 

6.1 

117.5 


Flowering 

9.7 

6.7 

140.3 


B. Young Trees 



March flush 

Non-flowering 

14.7 

8.4 

178.3 


Flowering 

20.2 

17.0 

247.8 

June flush 

Non-flowering 

10.5 

6.9 

189.6 


Flowering 

10.6 

8.7 

178.5 

July flush 

Non-flowenng 

6.8 

4.4 

138.7 


Flowering 

10.6 

8.1 

171.2 

September flush 

Non-flowering 

9.7 

6.5 

109.8 


Flowering 

13.7 

8.2 

1 184.9 


flowering shoots were larger than in the non-flowering shoots. The 
internodal length in the non-flowering shoots was more than in the 
flowering shoots, except in the September flush. 

Comparison of these two sets of trees revealed that young trees de- 
veloped more leaf area per centimeter shoot length and larger leaves 
than mature trees. No difference was found in internodal length, 
Table VI. 

From these studies it was concluded that mean leaf area per centi- 
meter shoot length, leaf size, and internodal length had no correlation 
with fruiting. 

Number oj Laterals : — The March flush of each set produced the 
most laterals. In young trees, the July and September flushes did not 


TABLE VI — Mean Leaf Area per Unit Length, Leaf Size, and Inter- 
NODAi. Length in Different Growth Flushes (1944) 


Season 

Flowering 

or 

Non-flowering 

Leaf Area 
Per Cm | 
Shoot Length 

Leaf Size 
(Sq Cm) 

Internodal 

Length 

(Cm) 


A. Mature Trees 



March flush 

Non-flowering 

8.7 

8.7 

1.9 


Flowering 

10.9 

10.9 

1.7 

July flush. ... 

Non-flowering 

14.4 

14.3 

1.3 


Flowering 

14.4 

14.5 

1.4 


B, Young Trees 



March flush 

Non-flowenng 

12.1 

21.2 

1.8 


Flowering 

13.7 

14.7 

1.2 

June flush 

Non-flowering 

18.1 

27.0 

1.5 


Flowering 

16.8 

20.5 

1.2 

July flush 

Non-flowenng 

20.4 

31.5 

1.5 


Flowering 

16.2 

21.1 

I 1.3 

September flush 

Non-flowering 

11.3 

16.9 

1.5 


Flowering 

13.5 

22.5 

1 1.7 
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produce a single lateral. On the whole, young trees produced many 
more laterals than did mature trees. In the March flush of the* two 
sets of trees, terminal shoots produced many more laterals than did 
the lateral shoots. In other flushes the number of laterals produced 
was more or less the same. 

Growth Rates of Valencia Oranges 

The measurements of size of Valencia Oranges were started in 
April, 1944, and continued until harvest. The average diameter per 
fruit on April 18, was 0.6 centimeters and on October 3 it had in- 
creased to 5.9 centimeters. After this date, the growth was slow and 
finally ceased on January 3, 1945, when maximum size had been at- 
tained, 6.4 centimeters (Fig. 3). 



Discussion 

A definite correlation existed between the elongation growth of 
shoots and fruiting in citrus. Among the flowering shoots, the longer 
ones bore more blossoms than did the weak or medium shoots. This 
was true in both mature and young trees. Longer shoots, no doubt, 
bore more blossoms, but shoots of medium length were found more 
productive. In the March flush of the mature trees, out of a total of 
69,8 per cent flowering shoots, 40.7 per cent were of medium elonga- 
tion. In the July flush, out of a total of 55.6 per cent flowering shoots, 
40.6 per cent were of medium elongation. It did not, however, hold 
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true in young trees. The present studies did not indicate any relation 
between extension growth and fruit setting. Many workers, with 
deciduous fruits, found that variation in leaf area had a profound 
effect upon the fruit formation. In present studies the shoots with 
more leaf area produced more blossoms than did shoots with less leaf 
area. The rate of growth and the time at which growth ceased showed 
no correlation with blossoming or setting of fruit. Singh (2), working 
with Mandarin orange, agreed with the above findings. 

The earlier flushes were more fruitful than those which were initi- 
ated late in the growing season. For example, in the March flush of 
mature trees, 69.8 per cent shoots bore fruit and 30.2 per cent re- 
mained unfruitful, whereas in the July flush only 55.6 per cent bore 
fruit and 44.4 per cent remained vegetative. In young trees, March 
and June flushes had a higher percentage of fruiting shoots than the 
July and September flushes. 

Study of the shoots carrying fruit to maturity indicated that indi- 
vidual shoots of Valencia Late had a strong tendency to alternate 
bearing. Hodgson (1), Waynick (5), West and Barnard (7), and 
West and Allen (6) have studied the alternate bearing habit of this 
variety. They held that the heavy crops of one year had a depressing 
effect on the amount of cropping in the succeeding year. This effect 
increased with the length of time the crop remained on the tree, be- 
cause Valencia is a late variety and bears, for some time, the load of 
two crops, that is, the new crop of the succeeding year and the old 
maturing crop. They recommended early harvesting and thinning of 
fruit to eliminate this alternate hearing habit. 

The size of Valencia oranges increase rapidly from April to Octo- 
ber. It is evident, therefore, that unless the fruits attain normal size 
by October, a normal size crop cannot be expected at the harvest time. 
Growers should control factors which affect the size of the fruit dur- 
ing this period. Waynick (4) pointed out that soil moisture, nitrogen 
content, and sunlight are the limiting factors in the growth of Valen- 
cia oranges. Of these three factors, moisture, its adequacy or inade- 
quacy, was of greatest significance. It is imperative for the growers, 
therefore, to take the utmost care in irrigation during this period. 
Since the earlier flushes were more productive, all the cultural opera- 
tions aimed at adjusting the fruiting must be performed before growth 
starts in spring. 

Summary 

Flowering bore a definite relation to extension growth. Among the 
flowering shoots the longer ones bore more blossoms than did the 
medium or short shoots. However, shoots of medium elongation were 
more productive than the longer or shorter shoots. 

Correlation between leaf area and blossoming was highly sugges- 
tive. 

Young trees grew more vigorously than mature trees. Terminal 
shoots produced more extension growth and leaf area than the lateral 
shoots. 

Early growth flushes were more productive than late flushes. 
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There existed no relation between growth and fruit setting. 

The individual shoots of Valencia Late variety had a strong ten- 
dency to alternate bearing. 

The mean length, mean number of nodes, and mean leaf area per 
shoot were greater in flowering than in non-flowering shoots. 

Leaf area per centimeter shoot length and intemodal length bore 
no relation to flowering. 

In mature trees flowering shoots had bigger leaves than non- 
flowering shoots ; in young trees the case was quite the reverse. 

The March flush produced more laterals than other flushes. Ter- 
minal shoots produced more laterals than lateral shoots. On the whole, 
young trees produced markedly more laterals than did mature trees. 

The growth in Valencia oranges took place from April to January. 
There was no further size increase after January. 
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Quality of Valencia Oranges as Affected by Aspect, 
Exposure, and Height On the Tree^ 

By Gurcharan S. Randhawa and H. S. Dinsa, Ontario 
Agricultural College, Guelph, Ontario 

S WEET orange is grown extensively in the canal colonies of the Pun- 
jab, India, where, as in the interior valleys of Southern California, 
constant sunshine and high temperature are the rule. In some varieties 
of sweet orange the heat reduces the quality of fruit in certain sectors 
of the tree which are exposed to direct radiation. Therefore, the grow- 
ers in such localities need to plant varieties which produce high quality 
fruit on all sectors of the tree. 

Valencia, a late variety, produces a good income for the growers. It 
is also hardy and retains its ripened fruit on the tree for a long time 
without deterioration. It Avas planned, therefore, to measure the effect 
of aspect, exposure, and height on the fruit quality of this variety. Such 
studies should be of value to the grower who can utilize such informa- 
tion to encourage fruiting at certain sectors of his trees in order to 
obtain fruit of good quality. 

Materials and Methods 

Six mature sweet orange trees of Valencia Late variety of uniform 
age and origin were selected in the experimental orchards of the Pun- 
jab Agricultural College and Research Institute, Lyallpur, India. 
These plants were secured from South Africa and planted in the or- 
chard in September, 1931. They have produced average crops under 
apparently uniform conditions of soil and orchard management. 

Each tree was divided into four parts according to the direction, 
that is, northeast, northwest, southwest, and southeast. Each part was 
further subdivided into halves, upper half and lower half. Thus, the 
whole tree was divided into eight sectors. The uppermost and lower- 
most parts of these trees were left as checks. 

The fruit was harvested in mid-March for the purpose of physico- 
chemical analysis. Each of the above sectors was further subdivided 
into four portions : A, upper half exposed ; B, upper half shaded ; C', 
lower half exposed ; and D, lower half shaded. Six fniits were selected 
from each of the above portions and marked as A, B, C, or D. Thus 
24 X 4 or 96 fruits were selected from each tree. The total number of 
fruits analyzed from all the experimental trees was 24 X 4 X 6 or 576. 

The following factors were considered in the physico-chemical analy- 
sis : weight per fruit, weight of peel, weight of juice, weight of pomace, 
total solids, acidity, and total solids/acid ratio. The effect of aspect, 
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ment of the requirements for the degree of Master of Science in Agriculture. 
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exposure, and height on these qualities of the fruit was reported under 
these headings. Under results all data is presented in summarized 
form. 

Results 

1. Weight per fruit : — 

Aspect 

Southwest 

Southeast 

Northeast 

Northwest 

Critical difference is 8.32 

Fruit from the southwest side was heavier than fruit from the north- 
west side. The fruit from the southeast side was also heavier than 
fruit from the northwest side but not significantly so. The difference 
in weight per fruit between northeast and northwest, and southeast 
and southwest is insignificant. 

Exposure 

. Exposed Shaded 

Southwest 177.4 grams 247.3 grams 

Southeast 178.1 grams 230.4 grams 

Northeast 164.8 grams 232.3 grams 

Northwest 157.9 grams 227.6 grams 

Critical difference is 5.87 

The shaded fruits were considerably heavier than the exposed ones. 

Height 

The effect of height on weight per fruit was found to be statistically 
insignificant. 

2. Percentage Juice : — 

Aspect 

Southwest 

Southeast 

Northeast 

Northwest 

Critical difference is 3.14 

Fruit on the southeast side was more juicy than fruit on the north- 
east side. There is insignificant difference in juice content between 
the fruits of southeast and southwest, and northeast and northwest 
sides. 

Exposure 

The effect of exposure on juice percentage was insignificant. 

Height 

Juice 

Upper half 43.5 per cent 

Lower half 46.3 per cent 

Difference 2.8 per cent 

Critical difference is 1.37 


Juice 

44.1 per cent 
47.3 per cent 
42.8 per cent 

45.1 per cent 


212.3 grams 
204.2 grams 
198.5 grams 
192.7 grams 
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Fruit of the lower half of the tree contained more juice than did 
fruit of the upper half. 

3. Percentage Pomace : — 

Aspect and Exposure 

The effect of aspect and exposure on pomace percentage was statis- 
tically insignificant. 

Height 

Po^fiace 

Upper half 25.8 per cent 

Lower half 24.0 per cent 

Difference 1.8 per cent 

Critical difference is 1.71 

Fruit of the upper half contained more pomace than fruit of the 
lowxr half. 

4. Percentage Peel : — 

Aspect and Height 

The effect of aspect and height on percentage peel was insignificant. 
Exposure 

Peel 

Exposed 29.8 per cent 

Shaded 31.1 per cent 

Difference ' 1.3 per cent 

Critical difference is 1.27 

Shaded fruits had a higher percentage of peel. 

5. Total Solids and Acidity : — 

The effect of aspect, exj)osure, and height on percentage total solids 
and on acidity was statistically insignificant. 

6. Total Solids/ Acid Patio : — 

Aspect 

The effect of aspect on total solids/acid ratio was insignificant. 


Exposure 

Exposed 12.0 

Shaded 10.8 

Difference 1.2 


Critical difference is .84 

Exposed fruits had a higher total solids/acid ratio than did the 
shaded ones. 


Height 

Upper half 11.9 

Lower half 11.0 

Difference 9 


Critical difference is .84 
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Juice from fruit of the upper half had a significantly higher total 
solids/acid ratio than the juice from fruit of the lower half. 

The data given above in summarized form reveal that exposed fruits 
on the tree were thin-skinned with a higher total solids/acid ratio. 
Shaded fruits on the other hand were heavier than the exposed ones. 
The fruit of the upper half was heavier and with a higher total solids/ 
acid ratio than fruit of the lower half, whereas fruit of the lower half 
ranked higher in percentage of juice. 

The investigation also indicates that heat does not reduce the quality 
of Valencia oranges but rather improves it in many respects. Valencia 
is a late variety which, besides possessing the good qualities mentioned 
i)efore, produces high quality fruit all over the tree under hot climatic 
conditions. In all new plantations that are coming into existence in the 
hot regions this variety should, therefore, find a prominent place. 



Time o£ Blossom-^Bud Differentiation in Citrus^ 

By Gurcharan S. Randhawa, and H. S. Dinsa, 
University of the Punjab, India 

I N almost all the deciduous fruits grown in the temperate zones, the 
time of blossom-bud differentiation varies considerably depending 
upon such factors as the species, the variety, climatic and weather 
conditions, cultural practices, rootstocks, and age of tree. Although 
this subject has been widely studied with deciduous fruits, the find- 
ings bear little relation to evergreen fruits, especially citrus. A limited 
study previously has been- made of the time of blossom-bud differenti- 
ation in citrus and it is summarized in Table I. 


TABLE I — Brief Summary of Work on Citrus in Different Countries 


Fruits 

Locality 

Differentiation First 

Noted 1 

Research 

Worker 


Sweel Orange 


Pineapple 

Florida. U. S. A, 

Florida. U. S, A. 

Florida. U. S. A. 

Griffith. N.S.W. Australia 
Griffith, N.S.W. Australia 

Jan 29 

Abbott (1) 

Abbott Q; 

Abbott (1) 

West and Barnard (7) 
West and Barnard (7) 

Pineapple .... 

Valencia 

Washington Navel 

Jan 12 

Early spring 

Early spring 


Mandarin Orange 


‘Nagpuri Sangtara’i Punjab, India I 

Owan Satsuma. . . iFlonda, U, S. A. 1 

iSpnng with advent of growth ISingh (5) 

IJan 26 1 Abbott (1) 


Kumquat 


Nagami I 

Citrus species . . 1 

Florida, U. S. A. [May 20 I 

1 Tanaka, Japan 1 I 

[Abbott (1) 
iHiroto (4) 


An essential factor in commercial orcharding is to obtain maximum 
gross returns with minimum expenditure and this is only possible if 
regular and adequate yields are obtained annually. And so, with citrus 
fruits all cultural operations such as pruning, fertilizing (manuring), 
irrigation, and root pruning, which control blossom-bud differenti- 
ation must be performed at the proper time, that is, before the buds 
begin to differentiate. Determination of the time of blossom-bud 
differentiation is therefore a problem of great importance. In view of 
the above facts, this problem was studied in two important species of 
citrus, viz., sweet orange {Citrus sinensis, Osbeck) and sweet lime 
{Citrus aurantifolia, Swingle). 

Materials and Methods 

Three mature sweet orange trees of Valencia Late variety of uni- 
form origin and age were selected in the experimental orchards of the 
Punjab Agricultural College and Research Institute, Lyallpur, India. 

^This work was done at the University of Punjab, India, in partial fulfilment 
of the requirements for the degree of Master of Science in Agriculture. The 
authors wish to express their appreciation to B. S, Bajwa, Fruit Specialist, 
Punjab, for his guidance; and to Dr. J. S. Shoemaker, Department of Hortcul- 
ture, O.A.C., Guelph, and to Dr. W. H. Upshall, Horticultural Experiment 
Station, Vineland, Ontario, for suggestions in the preparation of this manuscript. 
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These plants were secured from South Africa and planted in the or- 
chard in September, 1931, for varietal trials. Since 1935 they have 
borne fruit tinder apparently uniform conditions of soil and orchard 
management. 

Three apparently uniform trees of sweet lime were selected. These 
plants were raised in situ from cuttings in March 1928 on a piece of 
sandy loam soil in the experimental orchards of the Punjab Agricul- 
tural College, Lyallpur, India. 

In citrus fruits, unlike the case in deciduous trees, it is not possible 
to distinguish between a fruit bud and a vegetative bud, either by the 
position of the bud on the tree or by its size or shape. Therefore, six 
shoots were selected at random on all three trees of each species under 
study and buds were obtained from them in each sampling. From 
every sample shoot one terminal and two lateral buds immediately 
below the terminal bud were obtained and kept separately in formalin- 
acetic-alcohol (fixative) for subsequent histological study. Collections 
were made from the spring, summer, and fall flushes of growth on 
the two species. Sampling was started on September 15, 1944, samples 
being collected at an interval of 1 month until December and there- 
after fortnightly. The last sample w'as obtained on March 1 when 
growth had started. A total of about 800 buds of the two species were 
])ut to the microtome. At the time of study the buds were removed 
from the fixative and thoroughly washed in running water for 24 
hours to ensure complete removal of the fixative. The washed material 
was passed through diiTerent concentrations of alcohol to ensure de- 
hydration and hardening of the material. It was then cleared in xylol 
and embedded in paraffin. The Cambridge rocking microtome was 
employed for sectioning and sections were cut at 10 to 17 microns. 
Haup’s and Mayer’s adhesives were used for holding the sections 
on the slides. Safranin and Light Green were used in staining. 

Results 

The flattening of the apical meristem with tw'o lateral protuberances, 
one on either side of it, was established as the criterion of blossom- 
hud differentiation in these investigations. 

The data given in the tables reveal that in both sweet orange and 
sweet lime no evidence of differentiation was found before January 1, 
but by March 1 most of the buds had differentiated. 

The blossom-bud differentiation began from January 31 onwards. 
But, soon after this date the weather cooled down considerably due to 
heavy frost which arrested the growth as well as the differentiation 
for some time. After the weather wanned up differentiation was ob- 
served in buds collected February 15. Another heavy frost on Febru- 
ary 17 again arrested the blossom-bud differentiation. The weather 
warmed up after February 24 and the active differentiation then 
started and by March 1 most of the buds had differentiated. 

It was also observed that more buds in early flushes were differen- 
tiated than in the late ones. For instance, in the spring (March) flush 
of the sweet orange 67 per cent terminal and 42 per cent lateral buds 
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TABLE II — Sweet Okange 


Date of 

No of Buds 

Different 

Pre-differ- 

Undifier- 

Sampling 

Examined 

tiated 

entiated 

entiated 


March Flush Terminal Buds 


Dec 15, 1944 

0 

. 

Dec 31, 1944 

« 


Jan 16, 1946 

6 

_ 

Jan 31. 1045 

6 

_ 

Feb 16, 1045 

6 

3 

1. 1945 

6 

4 


Mafch Flush Lateral Buds 

Dec 31, 1944 

12 


Tan 16, 1945 

12 

- 

Jan 31. 1945 

8 


Feb 15. 1945 

12 

1 

Mar 1 1945 

12 

5 


Dec 31 1944 

i an 15 1945 
an 31, 1945 
^eb 15 1945 
Mar 1. 1945 


Juh Flush Terminal Buds 
() 

6 
(I 
« 


2 

2 


1 

2 

4 



Dec 15 1944 
Dec 31 1914 
Jan 15, 1945 
Jan 31 1946 
Feb 15 1945 
Mar 1, 1945 


July Flush Laitral Buds 


12 


_ 

12 

- 

- 

12 



12 

- 

2 

12 

1 

4 

12 

4 

.1 


6 

0 

6 

4 

1 

2 


12 

12 

7 


0 

6 

0 

3 

1 


12 

12 

12 

10 

7 

5 


had differentiated by March 1, whereas in the summer (July) flush 
only 55 per cent terminal and 33 per cent lateral buds had differen- 
tiated by that date. Also, the terminal buds had differentiated to a 
greater degree than the lateral buds In the case of sweet lime, hriw- 
ever, no such distinction was observed. 


Discussion 

The flattening of the apical meristeni with two lateral protuber- 
ances, one on either side of it, was established as the criterion of 
blossom-bud differentiation These projections are inwardly curved 
and represent the sepals of the flower. Waldo (6) found that definite 
blossom-bud differentiation in strawberry was considered to have 
begun when the growing point had become broad and somewhat flat- 
tened at the top. Goff (3) working with the same fruit regarded the 
broadening and irregular outline of the growing point as an indication 
of an early stage of flower development, Abbott ( 1 ) , in his investiga- 
tions on some citrus species, observed that “the blossom-bud differen- 
tiation was considered to have begun when longitudinal sections of 
the buds showed a broadening of the growing point with concur- 
rently developed lobes.“ The criterion established in the present in- 
vestigation, therefore, agrees with the findings in the literature of the 
above authors. 

Ball (2), working on time of differentiation of plum, pointed out 
that “a rigid date cannot be given as the time for the change of the 
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TABLE III — Sweet Lime 


Date of 

Sampling 

No. of Buds 
Examined 

Differen- 

tiated 

Prc-differ- 

entiated 

Undiffer- 

entiated 

Sep 15. 1944 

March Flush 

« 

Terminal Buds 


G 

Oct 15. 1944 

6 


_ 

6 

Nov 15. 1944 ... 

9 

— 

_ 

G 

Dec 16. 1944 

6 

- 


6 

Tan 15. 1945 

G 

_ 


6 

Jan 31, 1945 

G 

— 

2 

4 • 

Fob 15. 1946 . 

6 

— 

3 

3 

Mar 1. 1945 

G 

4 

2 


Sep IR, 1944 , 

Match Flusf 

12 

Lateral Buds 


12 

Oct 15. 1944 

12 


_ 

12 

Nov 15, 1944 . 

12 

- 

_ 

12 

Dec 16. 1944 . . 

12 


_ 

12 

Dec 31. 1944 

12 

- 

_ 

12 

Jan 15, 1945 . . 

12 

- 

.. 

12 

Jan 31. 1946 

12 

- 

4 

8 

Feb 15. 1945 . . . 

12 

2 

4 

6 

Mar 1. 1946 . ... 

12 

8 

2 

2 

Sep 15. 1944. . 

July Flu’ih ' 

6 

'ermtnal Duds 


C) 

Oct 15. 1944 

G 

- 

. 

f) 

Nov 15, 1944 

0 

_ 


6 

Dec 16. 1944 . . . 

Ci 

_ 


G 

Dec 31, 1944 

G 



0 

Jan 1,5. 1945 . . 

0 

- 

_ 

0 

Jan 31, 1945 

G 

- 

2 

4 

Feb 15. 1945 . 

0 

1 

o 


Mai 1. 1945 .... 

G 

4 

1 

1 

Sep 15, 1944 

July Flush 

12 

Lateral Buds 


I 

Oct 15. 1944 

12 


_ 

12 

Nov 15. 1944 . . 

12 


- 

12 

Dec 15, 1944 . . 

12 

_ 

_ 

12 

Dec 31. 1944 . 

12 

- 

_ 

12 

Jan 16, 1945. 

12 



12 

Jan 31. 1945 . . . . 

12 

— 

2 

10 

Feb 15. 1946 

12 

- 

4 

8 

Mar 1. 1945 

12 

c 

,3 

.3 

Sep 15. 1944., , 

September Flusi 

1 

h Terminal Buds 


G 

Oct 16, 1944 

! G 


_ 

(i 

Nov 15. 1944 . 

G 

.. 


() 

Dec 15, 1944 . . 

(i 

- 


(i 

Dec 31, 1944 

G 

- 

_ 

G 

Jan 15. 1945 

G 

_ 


0 

Jan 31, 1945 

G 


1 

.5 

Feb 15. 1945 . 

G 

2 

2 

2 

Mar 1. 1945 . . 

6 

4 

2 


Oct 16, 1944 

September Flu' 

12 

sh Lateral Buds 


12 

Nov 1.5, 1944 . 

12 

- 


12 

Dec 15. 1944 ... . 

12 

_ 


12 

Dec 31. 1944.. . 

12 

- 

_ 

12 

Jan 15, 1945 

12 



12 

Jan 31, 1945 

12 

— 

2 

10 

Feb 15. 1945 . 

12 

1 

4 

7 

Mar 1, 1945 . 

12 

9 

3 



vegetative bud into the fruit bud. Tlie factors causing the variation are 
variety, season, position of the bud on the tree, and cultural treat- 
ment”. This is also in line with the findings of the various investiga- 
tors who have studied different varieties of citrus species. 
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Fig. 1. 1, Undifferentiated sweet orange bud collected January 15. Growing 
point is long, conical and tightly enclosed by scales. 2, Pre-differenliated 
sweet orange bud collected February 15. Growing point is broader than in 
undifferentiated bud, and is less tightly enclosed. The scales, in turn, have 
become broader. 3, Sweet orange bud collected March 1 showing early 
development of a complete flower. The sepals and ijetals are well developed 
with early indication of stamen formation. The pistil primordia is also 
evident, as are two lateral buds in the axil of the bud. 4, Pre-differentiated 
bud of sweet lime collected February 15. 
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Fig 2 5, Bud bhows pre-diflferentiation stage and hud B shows advanced 
stage of pre-differentiation. The growing point in bud B is broader than 
that in bud A 6, Sweet lime bud collected March 1 — Bud A shows early 
stage of differentiation and bud B presents complete differentiation. The 
growing point in bud B is markedly large as compared with bud A, The 
two protuberances on the side of flattened apical meristem are evident. 
7, Shows bud A of 6, under high power 8, Shows bud B oi 6 under high 
power. 


The present investigations show that hlossoui-bud differentiation 
in both sweet orange and sweet lime takes place in spring with the 
advent of growth. The period of differentiation may extend over a 
period of time depending upon the weather conditions. In these studies 
the period extended over one month because of the interference of 
frost during that period. Abbott (1), who studied the Pineapple 
variety of sweet orange, found slight difference in the time of differen- 
tiation from year to year. Singh (5) holds that, in the mandarin 
orange, the interval between differentiation or initiation of growth 
and formation of flowers hardly exceeds a week’s time. 

In this study, in both sweet orange and sweet lime, blossom-hud 
differentiation has been found to begin as soon as growth commences. 
The interval lietween growth initiation and differentiation is therefore 
not as long as in deciduous fruits. Since the period of blossom-bud dif- 
ferentiation is short and because growth and differentiation go hand 
in hand, all cultural operations aimed at adjusting the amount of crop 
in these citrus fruits must be performed well before growth starts in 
spring. 
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Summary 

1. The flattening of the apical meristem with two lateral ])rotuher- 
ances, one on either side of it, was established as the criterion of 
blossom-bud diflPerentiation in these studies. 

2. Blossom-bud differentiation in both sweet orange and sweet lime 
commenced in spring with advent of growth. 

3. In sweet orange, more buds of the early flushes had differentiated 
as compared with late flushes. In sweet lime, no such distinction was 
observed. 

4. In sweet orange, tenninal buds differentiated in greater degree 
than lateral buds. This was not the case in sweet lime. 
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Own-Rooted and Budded Lemon Trees 

By F. F. Halm A, University of California, Los Angeles, Calif, 

I N 1926, an extensive investigation of the citrus rootstock problem 
was initiated by the Citrus Experiment Station, Riverside, One 
phase of this investigation, assigned to the writer who was then on 
the Riverside staff, was a comparative study of own-rooted (trees 
propagated by stem cuttings) and budded trees. Accordingly, a meth- 
od for rooting and handling cuttings was developed, and between 1931 
and 1936 seven Naval orange, eleven Valencia orange, and five 
Eureka lemon field plots were established. 

Of interest is the fact that, so far, lemon cuttings have been con- 
sistently less productive and, except for the first 4 years, less vigorous 
than budlings, while no consistent differences have occurred in the 
oranges. For this reason a report on the lemon is warranted primarily 
as a means of caution against extensive planting of lemon cuttings. 

It has been known for a long time that the lemon can be easily 
profiagated by cuttings. Records indicate that own-rooted lemon trees 
were planted in fairly large numbers in southern California probably 
over 80 years ago. Conger (1) in 1889 reported being so favorably 
impressed with a few bearing lemon trees on their own roots that he 
plant(‘d several thousand on his ranch (presumably in the Pasadena 
area). A year later on (2) reiterated his belief in the superiority of 
cuttings over budded trees, but some of the growers present at the 
meeting disagreed with him. The subject was not mentioned in sub- 
sequent reports. 

In view of the fact that there are maii}^ lemon strains and that they 
vary greatly in vigor and productivity, it is obvious that in order to 
evaluate the relative merits of cuttings and budlings, progenies of the 
same parents be used for both. There is nothing in the records to 
indicate that this has been done. 

Scope of the Investigation 

This report is based mainly on five plots. Four plots were planted 
in close proximity to one another near the Upland foothills, San 
Bernardino County, three of them in 1932 and one in 1933. In each 
plot both the cuttings and budlings, on grapefruit rootstock, are proge- 
nies of one parent, and for each plot a different parent was used. The 
soil is classed as Hanford rocky, sandy loam. 

The fifth plot, located near Oxnard, Ventura County, was planted 
in 1936. The cuttings and budlings are progenies of one parent, and 
the rootstock is sweet orange. The soil is a Yolo fine sandy loam. 

These five plantings included 334 cuttings and 337 budlings, five 
Eureka lemon scion strains, and grapefruit and sweet orange root- 
stocks. Orchard management varied according to each cooperator’s 
practice.^ 

Mn Upland the cooperators were Norman Lawson, William Rohrig, E. W. 
Henry, and S. H. Yahres, former manager of the Highland ranch, and his suc- 
cessor, A. J. Robinson. The Oxnard planting was made on the Utt Development 
Company Ranch by the late C. V. Newman, and the project is being continued 
by his successor, J. V. Newman, The great interest and most hearty cooperation 
on the part of these growers is hereby gratefully acknowledged. 
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Tree History 

All cuttings and budlings for the Upland plantings were grown on 
the Norman Lawson property in Upland with J. W. Conner, nursery* 
man of La Verne, in charge of the nursery. Cuttings and buds were 
taken from four Eureka type parent trees selected by the four co- 
operators. These trees, on grapefruit stock and planted about 1912, 
are located on the Highland ranch, Upland. They varied in growth 
habit and vigor, but all had a good production record and were free 
from diseases. 

The cutting propagation method used has been published (3), 
hence requires only brief mention. Twigs 4 to 6 inches long, possessing 
5 to 6 leaves, were taken from the mature terminal growth. The lower 
2 or 3 leaves were removed which left 3 or 4 leaves. The cuttings 
were then placed in a sash-covered propagating frame and shaded 
with burlap to prevent leaf burn. The leaves were kept from wilting by 
frequent sprinkling. The sand temperature was about 75 degrees F. 

Practically all of them rooted, and on April 24, 1930, they were 
transplanted bare root and with the original three or four leaves intact, 
to the Upland nursery. Despite the rocky nature of the soil only about 
one per cent died, and the rest developed into excellent plants. 

The history of the budlings is as follows : The seeds for the grape- 
fruit stock were obtained from a large .seedling, planted about 1888, 
(jn the E. P. Jochimsen place. La Verne. They were planted in a lath- 
house in May 1929, and in April 1930 the seedlings were dug, fumi- 
gated, and planted in the Upland nursery. I'he larger seedlings were 
budded in the fall of 1930 and the rest the following spring. 

In 1932, when the trees were ready for the orchard, the cuttings, 
then 2 years old, were appreciably larger than the budlings, which 
consisted of a 3-year-old rootstock and a 1 -year-old scion. Probably 
the main reason why the budlings developed more slowly was that 
they received two rather severe prunings, the first when the rootstock 
seedlings were transplanted from the seedbed to the nursery and the 
second when the seedling top was cut off to force the lemon bud into 
growth. 

The trees for the Oxnard plot were growui on the Utt Development 
Company Ranch. Cuttings and buds were taken from one parent tree, 
and the seeds for the sweet orange rootstock came from one tree. 

Orchard Planting 

As previously staced, four plots were established in the Upland 
area, three in the spring of 1932 and one in 1933. The reason for 
delaying the latter was that the cooperator favored 2-year-old scions 
or “buds” as they are commonly called. The total number of trees 
was 136 for one plot, 144 for each of two plots, and 199 for the fourth. 
Half were cuttings, and half budlings. The trees were planted bare 
root. No replacements were required. 

In this connection it should be mentioned that lemon cuttings do 
not develop tap roots like seedling rootstocks. In the Upland planting 
the number of lateral roots per cutting ranged from 1 to 12. On 2- 
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year-old cuttings roots up to 6 feet in length were observed, and con- 
sequently, in removing the plants from the nursery, a large percentage 
of the rootsystem was lost. In the budlings the loss was much less be- 
cause the laterals, which grow from the tap root, are shorter and 
more numerous. 

The Oxnard plot, planted in 1936, consisted of 24 of each of cut- 
tings and budlings. They were transplanted balled. 

Tree Condition 

For the first three years in the orchard the cuttings were more 
vigorous than the budlings. During the fourth year, however, sev- 
eral cuttings in the Upland plots showed signs of weakness; they 
became less densely foliated, and the leaves were mottled in varying 
degrees. At the end of the fourth year this condition became more 
general, and all observers agreed that the budlings were not only 
more vigorous than the cuttings but that they also shovced much less 
variation in tree condition. 

Now, after 16 years, only 16 ])er cent of the cuttings in one plot and 
30 })er cent in another are comparable in size and vigor to the average 
bud ling. 

The situation in the Oxnard plot is even less encouraging. Here 
the difference in favor of the budlings after 12 years is even greater 
than in Upland, and for several years past the trees have been con- 
sidered a liability. 

Relative Hardiness 

Besides less vigor and, as will be shown later, smaller yield, the 
cuttings also proved to be less hardy than the budlings. The January 
1937 freeze occurred when the trees in Upland started to produce 
commercial crops. Since none of the four plots were equipped with 
heaters, the trees suffered severe damage. It was soon evident, how- 
ever, that the cuttings were damaged more than the budlings. In fact, 
in two of the plots the cuttings were removed because they were not 
considered worth saving; the budlings in these plots made a good 
recovery. In the other two plots, where the damage was not quite as 
severe, the budlings recovered more rapidly than the cuttings. Also 
of interest was the observation that for two years after the freeze the 
leaves of the cuttings were more or less mottled, while those of the 
budlings were normal. 

Yield 

The trees produced light crops in 1935 and 1936, and a good crop 
was in prospect when the January 1937 freeze occurred. As already 
mentioned, it eliminated two of the plots. In 1939 yields were again 
recorded and continued until 1942 when, due to the labor shortage 
brought on by the war, no further records could be obtained. How- 
ever, periodic observations were continued, and they indicated no 
change in the relative position of the cuttings and budlings. 

The yield in the two plots is shown in Fig. 1. It should be men- 
tioned that the graphs do not show total yield for every year because 
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Fio 1 Comparative yield of cuttings and budlings in Upland. 


through oversight some of the pickings were not recorded For ex- 
ample, in plot 1 the 1941 and 1942 yield represents only five and 
three picks respectively, while in plot 2 the record is complete for 
these two years. 

It will be seen that the budlings consistently outyielded the cuttings. 
The difference varied from a fraction of a box to over two boxes per 
year where all pickings were recorded. 

As to the bearing habit, the two types of trees behaved similarly ; 
when the pick was heavy for one, it was also relatively hea\y fiir the 
other. No data on fruit quality were obtaint‘d, but observers agreed 
that the cuttings produced a higher percentage of tree-ripe fruit than 
the budlings. This is understandable in view of the fact that the foliage 
of the cuttings was comparatively sparse and had a tendency to mottle 

No records were obtained from the Oxnard plot, but it w^as obvious 
even to the casual observer that the difference in quantity and quality 
was even more pronounced than in the Upland jilots. 

Discussion and Conclusion 

From the foregoing it is evident that Eureka lemons on their own 
roots have nothing to recommend them. The Upland trees, now in 
their sixteenth year, do not show any indications that the cuttings 
will overtake the budlings in the immediate future The Oxnard cut- 
tings show even less promise. In addition to these five plots, cuttings 
were scattered in about 10 orchards between 1928 and 1931 Also, 
individual growers became interested and planted them for o])serva- 
tion. These plantings were under varying soil and climatic conditions, 
and they included nlany types of lemons, from the early, ever-bearing, 
relatively weak types, generally classed as Eureka, to extremely vig- 
orous ones which come into production rather late and which produce 
practically only one crop. However, the latter, although vigorous, 
proved to be very susceptible to gummosis. It is an interesting fact 
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that none of the Eureka cuttings and budlings in Upland developed 
this disease, although many trees on sweet stcx;k in the same orchard 
were affected. 

The reason for the inferiority of the Eureka cuttings is not clear 
unless it is assumed to be due to inherent weakness which is partly 
overcome by budding on a rootstock of a different species. The theory 
that the absence of taproots is a factor is untenable. Trees removed 
after the 1937 freeze showed that neither the grapefruit nor sweet 
orange rootstocks maintained a taproot system for more than 5 years. 
Moreover, the cuttings were as good as the budlings for the first few 
years when the latter still had a very pronounced tap root. Nor is 
there any evidence that the number of roots was a factor. When 
planted in the nursery, the number of roots varied from 1 to 12, but 
this fact bore no relationship to the size and condition of the trees. Of 
interest was the observation made when the cuttings were removed 
from two plots after the 1937 freeze. It was then noted that the num- 
ber of main roots varied only from five to eight. Apparently those 
trees whicli originally had only one root developed at least four more 
main roots, while those with 12 lost at least four, probably due to 
crowding. ’ 

Summary 

Eureka lemons on their own roots, after 16 years, proved to be less 
vigorous, less hardy, and less productive than progenies of the same 
parents budded on grapefruit and sweet orange rootstocks. 

Literature Cited 

1. CoNf.ER, O. H. Lemon culture. Ann. Rep. State Board Hort. pp. 361-365. 

1889. 

2. Lemon culture from the cutting. Ann. Rep. State Board Hort. 

pp. 111-117. 1890. 

3. Haim A, F. F. The propagation of citrus by cuttings. Hilgardia 6: 131-157. 

1931. 



Compositional Factors AiEecting the Edible Quality 
of Oranges^ 

By Walton B, Sinclair and E. T. Bartholomew, University 
of California Citrus Experiment Station, Riverside, Calif, 

T he soluble solids of citrus fruits are composed chiefly of soluble 
sugars and organic acids. These two classes of substances control 
primarily the sweet and sour sensations of taste. The other soluble 
constituents that are present in the juice in relatively low concentra- 
tions are, nevertheless, important in detennining fruit quality. P'lavor 
varies not only with concentration of total soluble solids, and with 
relative amounts of sugars and acids, but also with other independent 
variables. Differences in amounts of aromatic substances, for example, 
may caus^ noticeable differences in palatability in oranges having the 
same concentration of total soluble solids. Although the major sensa- 
tions of taste (sweetness, sourness, saltiness, and bitterness) may be 
masked by small quantities of aromatic substances, the chemical com- 
ponents and their biochemical relationships can be interpreted in part 
in terms of the edible quality of the fruit. 

While studying the influence of rootstocks on the composition of 
citrus fruits, the authors deemed it important to investigate the changes 
that occur in the soluble constituents of the juice during growth and 
maturity of the fruit, and especially to correlate the concentration of 
one soluble constituent with that of another for the purpose of deter- 
mining their physiological and biochemical relationships. Most of these 
results have already been published (13). wSince these data were ob- 
tained, the organic acids of citrus fruits have been identified and quan- 
titatively determined, and the factors affecting the pH and buffer 
properties of the juice are more clearly understood (14, 15, 16, 17). 
This additional information enables the authors to evaluate, on a bio- 
chemical basis, the acid properties of the juice with respect to other 
soluble constituents in the fruit. 

The problem in the present investigation has been to correlate data 
on total soluble solids, pH, and total acidity of orange fruits with data 
published by other investigators on the taste and flavor of fruits. At- 
tention is drawn to certain chemical changes that occur in the fruit and 
produce changes in these constituents of the juice. The soluble con- 
stituents other than sugars and acids are discussed in relation to taste 
of the fruit. 

Materials and Methods 

The methods of fruit sampling and the analytical procedures used in 
these studies are the same as those described by the writers for their 
rootstock studies (13). Most of the fruit samples for juice analysis 
were taken over a period of 7 years (1936 to 1942) from one Valencia 
grove and one Washington Navel orange grove in the interior valley 
section of southern California, and from one Valencia grove near the 
coast. These groves had been set out for the rootstock studies referred 

^Paper No. 565, University of California Citrus Experiment Station, River- 
side, California. 
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to above. Each of the 14 plots of 10 trees each in the Valencia grove in 
the interior represented a different rootstock. The 14 rootstocks were 
duplicated in the 14 similar plots in the Valencia grove near the coast. 
Thirteen of these rootstocks and one other stock were represented in 
the 14 plots in the Washington Navel grove in the interior. When the 
rootstock project was begun, great care was exercised in order to 
obtain uniform buds and stocks. 

In all tests the fruits were halved and the'juice was extracted from 
l)oth halves by means of a hand reamer. Both halves of the fruits were 
used because it is now generally known (1) that there is a higher 
concentration of soluble constituents in the stylar half than in the stem 
half of the fruit. The various organic analyses of the juice were made 
(13) after it had been thoroughly mixed and the portions for analysis 
had been strained and centrifuged. 

The data presented are mostly for fruits of Washington Navel and 
Valencia orange on trifoliate orange and Rough lemon rootstocks. 
I'liese two stocks were selected in preference to others because com- 
])ositional differences in the fruits are sufficiently large to illustrate 
the points discussed. 

Results 

Relation of Total Soluble Solids afid Total Acids to Fruit Quality: 
— In a previous paper (1) the authors drew attention to the high 
correlations (Navels, 4-0.9700; Valencias, 4-0.9219) between total 
soluble solids and total sugars in the juice of both the Washington 
Navel and the Valencia orange. This was to be expected, as sugars 
constitute 75 to 80 per cent of the total soluble solids in orange juice. 
Since total soluble solids, which are highly correlated with total sugars, 
are easily and quickly determined in most biological materials by means 
of the refractometer, investigators in horticulture use the refractometer 
rather than sugar determinations in fruit-quality studies. The propor- 
tion of total sugars to total soluble solids is the important thing, and 
not the absolute amount of total soluble solids in the juice. It so hap- 
pens, however, that in most fruits the total sugars make up the major 
portion of the total soluble solids in the juice. 

It is not surprising, therefore, that in most fruits there is a high 
correlation between edible quality and total soluble solids, as shown by 
the results of many investigations. Rosa (12) has found that sweet* 
ness, as influenced by the amounts and kinds of sugars, is the most 
important factor in the edible quality of melons. Since the total sugars 
accounted for nearly all the total soluble solids, the latter is highly 
correlated w4th quality. Porter, Bisson, and Allinger (10) have shown 
that high quality in watermelons is largely dependent upon high total 
sugar content. In the varieties that they studied, the total sugar content 
amounted to approximately 85 per cent of the total soluble solids. 

Currence and Larson (2) found a significant variation in the re- 
actions of testers engaged in tasting muskmelon fruits, and brought 
out the difficulty of satisfactorily classifying the fruit by tasting. In 
estiqiating the mean of several tastes in the organoleptic tests, three 
experienced testers were not superior to three selected at random. 
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These investigators did show, however, a significant correlation l>e- 
tween quality score and different refractometer readings between 
fruits. Harding and Wadley (3), in experiments with orange fruits, 
found high correlations between palatability and both acid and solids ; 
and in their organoleptic tests, tasters showed statistically significant 
differences. It should be mentioned, however, that mathematically sig- 
nificant differences between two sets of biological data are not always 
of practical importance. The same is true of low correlation coeffi- 
cients, which may be statistically significant but of little practical value. 

It has been noted earlier (13) that the concentration of sugars 
increases and the concentration of acids decreases in orange juice dur- 
ing growth and maturity of the fruit. A similar relation prevails be- 
tween total soluble solids and total acidity. Nevertheless, it is clear 
from the data in Fig. 1 that large changes can occur in total acidity 
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FREE ACID (AS CITRIC) -PER CENT 

Fig. 1. Relation of total soluble solids to total acids in juice of Valencia and 
Washington Navel oranges. Fruit maturity ranged from immature (green) 
to fully mature. (For picking dates of samples, see Figs. 2 and 3.) 

with only slight changes in total soluble solids. The reverse is also 
true. This wide range in acid concentration ( 1 to 2.6 per cent) shows 
that the juice samples were from fruits ranging from immature 
(green) to fully mature. These data explain why in many instances 
high concentration of soluble solids at maturity is not necessarily 
correlated with a correspondingly low concentration of acids. In gen- 
eral, however, significant negative correlations (Valencias, —0.5390; 
Navels, —0.4386) exist between the total soluble solids and the total 
acids of orange juice (1), Although it is generally true that the acids 
decrease and the soluble solids and sugars increase as the season ad- 
vances, large variations in soluble solids and sugars of the juice fre- 
quently occur with only slight changes in total acids. For example, 
Fig. 1 shows that orange juice containing 11.0 per cent total soluble 





180 AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 

solids may have a total acidity ranging anywhere from 1.0 to 2.6 per 
cent ; or, conversely, that juice having a total acidity of approximately 
1.8 per cent may contain anywhere from 8.5 to 13.0 per cent total 
soluble solids. Results of this kind indicate the chances for error in 
using the ratio of soluble solids to acids as the sole criterion of maturity 
and quality of oranges. Slight changes in the percentage of acids result 
in large changes in the ratio without markedly affecting the quality of 
the juice. 

Changes in pH and Free Acid of the Juice During Fruit Growth : — 
In a previous study (17) it was shown that the maximum amount of 
free acid in Valencia orange fruits developed early in the season and 
changed very little from that time on. The concentration of free acid 
in the juice (milligrams per milliliter), however, decreased consider- 
ably during fruit growth. The decrease in free acidity with the cor- 
responding increase in pH of juice of Valencia and Navel oranges 
from trifoliate and Rough lemon rootstocks is strikingly shown in 
Figs. 2 and 3. With both Valencia and Navel oranges, the free acid is 
significantly higher in juice of fruits from the trifoliate stocks. On the 
average, this difference in free acid is just about as large as any that 
occurred between fruits from the various rootstocks. At all stages of 
growth designated on the graphs (Figs. 2 and 3), the samples from 
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Fig. 2. Changes in pH and in concentration of free acid of juice of Valencia 
oranges during maturation of the fruit. Samples were taken at intervals 
from Valencia trees budded on (A) trifoliate orange and (B) Rough 
lemon stocks. 

the trifoliate stocks were higher in free acid than those from Rough 
lemon. Although the pH values increased, correspondingly, with the 
growth of the fruit, the differences in pH of the juices of fruits from 
the tw'o stocks were relatively small. 

These small differences between the two pH curves in Figs. 2 and 
3 can be attributed to the large buffer capacity of the juices and the 
low degree of dissociation of the organic acids contained in the fruits. 
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Fig. 3. Changes in pli and in concentration of free acid of juice of Washing- 
ton Navel oranges during maturation of the fruit. Samples were taken at 
intervals from Navel trees budded on (C) trifoliate orange and (D) 
Rough lemon stocks. 

Pure solutions of weak acids can undergo considerable dilution with- 
out any great change in pTI, provided the dissociation constant (Ka) 
is small and the undissociated residue sufficiently high to keep Kn con- 
stant. The pH of systems like that of orange juice is governed chiefly 

salt 

by pK„ (dissociation exponent) and the ratio of log . The vari- 

acid 

ation of pKa witli concentration changes occurring in the juice is very 
slight, and in this discussion it may therefore be assumed to be a con- 

salt 

stant. This leaves the factor log as the only one that may vary 

acid 

the pH. The dilution of orange juice with water may change the free- 
acid (titratable acidity) concentration considerably without changing 
salt 

the value of log , as tlie salt and acid would be diluted or concen- 

acid 

trated in the same proportions. The pH of the juice could therefore 
remain nearly constant, but the concentration of the acid would vary 
over a wide range. This is what happens to a greater or lesser degree 
in orange fruits during growth and maturity. With the advance of the 
season, the gradual increase in pH is the result of changes in the ratio 
salt 

of log caused either by a decrease in free acid or an increase in 

acid ^ 

salt formed from the organic acids and inorganic cations. 
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Correlation of pH with the Free Acid of the Juice: — In the course 
of the previous investigation (13) it was necessary to make a large 
number of determinations of pil and of free acid (titratable acidity) 
on juice of oranges from samples collected at various stages of ma- 
turity from the Valencia and Washington Navel rootstock plots in the 
interior and coastal sections. These data, as represented in Fig. 4, 
show the relation between pH value and titratable acidity. It can be 
observed that the pH values were determined over a wide range of 
free-acid concentration (2.60 to 0.70 per cent), the samples repre- 
senting immature (green) to fully mature fruit. 

The data show that the pH value of orange juice bears a definite 
relation to the titratable acidity, if compared over a wide range of acid 
concentration. This relation is not so definite, however, over shorter 
ranges of acid concentration, where two samples having fairly large 
differences in acidity may have the same pH value. F'or example (Fig, 
4), orange juice having a pH value of 3.20 may have a titratable 
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FiCJ. 4. Relation of pH to free acid (titratable acidity) in the juice of Valen- 
cia and Washington Navel oranges from two different climatic environ- 
ments and from 14 different rootstocks. Fruits ranged from immature 
(green) to fully mature. (For picking dates of samples, see Figs. 2 and 3.) 

acidity ranging from approximately 1.10 to 1.85 per cent; or, con- 
versely, juice having a titratable acidity of approximately 1.43 per cent 
may yield pH readings ranging from 3.0 to 3.43. Under these condi- 
tions the pH value does not indicate the amount of free acid present, 
nor does a given free-acid value represent a definite pH value.* The 
data reported in Fig. 4 represent extreme variations in pH values, as 
the determinations were made bn samples from 14 different rootstocks 
from two different climatic environments. 

Relation of pH and Total Acids to Taste: — The acidity of citrus 
fruits is highly associated with quality. Lemons of good quality have a 
relatively high titratable acidity (50 to 60 milligrams citric acid per 
milliliter of juice). Oranges of good quality have an acidity (8 to 12 
milligrams citric acid per milliliter of juice) which is usually related 
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to the total-soluble-soJids content in terms of a minimum ratio of total 
soluble solids to acids (8:1). The physical and chemical properties 
associated with high quality of grapefruit are accompanied by low acid 
content of the jiiice (10 to 12 milligrams citric acid per milliliter of 
juice). These facts bring up the question as to the status of pH and 
total acids in relation to quality in terms of taste. The organoleptic 
tests may reveal an integrated result of all the constituents in the juice 
affecting taste, but certain phases of this problem are worthy of a 
discussion from a physical and chemical point of view. 

The data in Figs. 2 and 3 show that during the growth of the fruit 
from the very immature to the mature state, the titratable acidity (con- 
centration of free acid) decreased more than 50 per cent with less than 
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Fig. 5. Changes in pH with variations in concentration of free acid in lemon 
' juice during fruit development. 

one unit change in pH. These changes are more pronounced in lemons 
(Fig. 5) than in oranges. After the concentration of acid attains ap- 
proximately 40 milligrams per milliliter of lemon juice, the amount 
can be nearly doubled with only 0.3 of a unit change in pH. It is 
realized in this connection that the pH term is a logarithmic function, 
and one unit change in pH represents a tenfold change in hydrogen- 
ion concentration. As the organic acids that occur in most fruits have 
comparatively low dissociation constants, a tenfold change in hydro- 
gen-ion concentration is not so easily discerned by organoleptic test. 
In these experiments, the active acidity of mature orange juice did not 
vary more than 0.5 pH. 

From the above experimental data, it appears that the decrease in 
sour taste during the ripening of citrus fruits is influenced by the de- 
crease in titratable acidity, as well as by changes in pH values. The 
sour taste of juices from mature citrus fruits can be greatly reduced 
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by dilution without any marked change in pH. In a previous paper 
Sinclair and Eny (14) showed that the addition of sucrose to lemon 
juice up to 50 per cent did not change the pH of the system. That 
physiological factors are involved is shown by the fact that the sucrose 
reduced the sour taste but not the pH of the lemon- juice samples. The 
degree of sweetness markedly influences the sensation of the sour taste 
of citrus juices without altering either the pH or total acidity. 

It is'not in the realm of this paper to discuss fully the physiological 
factors affecting taste. The subject is very complex and needs investi- 
gating. A brief mention should be made, however, of the pioneer 
studies of Richards (11) and Kastle (6). In short, these investigators 
found, independently of each other, that the sour taste of an acid is 
qualitatively related to its degree of dissociation; and that, with con- 
siderable accuracy, the sour taste of an acid completely disappeared 
at its neutralization point. This would mean that sour taste depends 
upon the hydrogen-ion concentration (pH). These findings are not 
entirely in harmony with the results reported in the present paper. The 
fact that citrus juices can undergo large clianges in titratable acidity 
with relatively small changes in pH is evidence that factors other than 
the dissociation constants of the acids are involved in determining 
sour tastes of the juices. It a])pears, therefore, that th^ sour taste of 
citms juices is influenced as much ])y total acidity as by pH. These 
results are in partial agreement with those of Harvey (4) and - of 
Harvey and Fulton (5), who concluded that total acidity is more 
important than the relatively small fluctuations in the hydrogen-ion 
concentration in the sourness of tomatoes. 

The investigations of Paul (9) are of interest here in that he found 
that acids with the same degree of dissociation had different degrees 
of sourness at equivalent concentrations. Apparently, differences in 
taste of weak organic acids of approximately the same Kn are due in 
part to the undissociated ])ortion of the molecule. Paul (9) arranged 
the organic acids of equivalent concentrations in the following order of 
increasing sourness: carbonic acid, cream of tartar, acetic acid, lactic 
acid, hydrochloric acid, and tartaric acid. Acid solutions that contain 
buffers have a greater sour sensation than solutions of the pure acid 
at the same hydrogen-ion concentration (8). 

Soluble C onstituents of the Juke, Other than Su(/ars and Acids, in 
Relation to Taste: — About 15 per cent of the soluble constituents of 
orange juice are other than sugars and acids. This fraction consists of 
inorganic compounds, amino acids, ascorbic acid, and small amounts of 
pectins, essential oils, esters, glucosidcs, etc. Substances in this fraction 
are relatively and chemically unstable. The soluble sugars and acids of 
citrus juices are stable compounds. The occurrence of off- flavors in 
either natural or processed orange juices is in no small measure due 
to oxidation and decomposition of substances in this relatively small 
fraction of the soluble solids. 

In general, taste is composed of the four distinct sensations of sweet- 
ness, sourness, saltiness, and bitterness. Each sensation is localized in 
a particular region of the tongue, has its own sensory end organs, and 
receives its particular chemical stimuli. It follows, then, that small 
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concentrations of substances such as essential oils, esters, and decom- 
position products of amino and fatty acids (7) would greatly affect the 
taste and flavor of citrus juices. Statistical studies based on the results 
of tasters are of some value in determining an integrated effect of all 
the soluble substances on the various taste sensations. 

Future biochemical research on this problem will be concerned with 
the determination of the numerous soluble substances that exist in 
citrus fruits in very small concentrations, and the evaluation of the 
results in terms of edible quality of the fruit (taste and flavor). 

Summary 

The high correlation between total soluble solids and edible quality 
in orange fruits is the result of the high sugar content, which com- 
prises 75 to 80 per cent of the total soluble solids. Since total soluble 
solids are highly correlated with total sugars, refractometer readings 
are usually employed, rather than sugar determinations, in fruit- 
quality studies. The proportion of total sugars to total soluble solids, 
not the absolute amount of total soluble solids in the juice, is the factor 
primarily affecting the sensation of sweetness. 

Although the total acids decreased during the growth and ripening 
of the fruit, while total soluble solids increased, large fluctuations in 
total acids occurred without change in total soluble solids, and vice 
versa. Significant negative correlations were found to exist, however, 
between total soluble solids and total acids. 

Owing to the relatively high buffer capacity of orange juice, large 
fluctuations in titratable acidity occurred without change in pH, but 
over a wide range of acid concentration (0.70 to 2.60 per cent) the 
pH increased with a decrease in acidity. 

During the growth of the fruit from the very immature to the mature 
state, the titratable acidity (concentration of free acid) decreased more 
than SO per cent with less than one unit change in pH. The decrease 
in sour taste during the ripening of orange fruits is greatly affected 
by the decrease in titratable acidity, as well as by changes in pH. After 
the fruit reaches maturity (ratio of total soluble solids to acids, 8:1), 
the relatively small changes in pH occurring in the fruit from then on 
are hardly detectable in organoleptic tests. 

The sweet and sour taste sensations of orange juice are due to the 
soluble sugars and the free acids, and are obviously highly correlated 
with edible quality. Soluble solids (other than sugars and acids), such 
as essential oils, esters, and amino acids, are important in the taste 
sensations, but the identification and determination of these constitu- 
ents are subjects for future research. 
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Ptelimmary Studies on the Effects of 2,4-D Sprays on 
Preharvest Drop, Yield, and Quality of Grapefruit^ 

By W. S. Stewart and E. R. Parker^ University oj California 
Citrus Experiment Station, Riverside, Calif, 

R ecent studies (3) indicate that the application of 2,4— dichloro- 
phenoxyacetic acid (2,4-D) to Valencia and Washington Navel 
orange trees reduces preharvest fruit drop 25 to 96 per cent. Results 
of similar studies on grapefruit in two field exjxTiments, one at the 
University of California Citrus Experiment Station, Riverside, Cali- 
fornia, and the other at the Rancho Sespe, Fillmore, California, dur- 
ing the summer of 1946, are reported here. 

Experimental Procedure and Results 

Experiment at Riverside, — This experiment was established on 
June 3, 1946, in a randomized block design with six replications, each 
plot consisting of a single grapefruit tree. Since this experiment was 
superimposed on a rootstock experiment, the trees in the different 
blocks were on different rootstocks. 

The trees were sprayed between 6:00 and 10:00 a. m. June 3, 
1946. Test trees were sprayed with water solutions of 5, 25, 75, or 225 
parts per million 2,4-1) in the fonn of ammoniuindiethanol 2,4- 
dichlorophenoxy acetate. Control trees were sprayed with water only. 
A drenching spray was applied at 300 pounds pressure per square 
inch, using ordinary orchard spray guns with No. 8 discs in the 
nozzles. 

All fruit on the ground was removed immediately after the spray- 
ing. Subsequent counts of fallen fruit were made at intervals of 2 
weeks. Harvesting occurred on August 26, 1946, in the approximate 
middle of the commercial harvest season. The harvested fruit was 
counted, and it was thus possible to calculate fruit drop as percentage 
of fruit on the tree at the beginning of the experiment. ( )ne apparently 
typical block of treatments was not harvested in August, but was re- 
tained, with the fruit on the trees, so that further information on the 
duration of the effect of the treatments might be obtained. 

At the time of spraying, in June, 1946, the tree bore nearly mature 
fruit as well as young fruit between 4 and 7 centimeters in diameter 
that would mature the following year (about July, 1947). 

It was found tliat each of the 2,4-D sprays reduced the drop of 
mature fruit in the 1946 harvest, and that the amount of reduction 
was directly related to the concentration of 2,4-D in the spray (Fig. 1 
and Table I). From the time of spraying (June 3) until harvest 
(August 26), a period of 12 weeks, the fruit drop from the non- 
sprayed trees amounted to 15.6 per cent of the crop. In comparison, 
there was a reduction of 53 per cent in fruit drop of trees sprayed 

^Paper No. 570, University of California Citrus Experiment Station, River- 
side, California. 

The authors wish to express their appreciation to Messrs. C. B. Cree, C, F. 
Hammon, and H. Z. Hield for their assistance in these studies. 
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l"iG. 1. Drop of mature grapefruit from iionsprayecl (control) trees and from 
trees sprayed with water solutions of 5, 25, 75, and 225 parts per million 
2,4-D at Riverside, California. Note that with minor exceptions near the 
end of the experiment reduction in fruit drop is directly related to concen- 
tration of 2,4-D in the spray. The insert shows drop of mature fruit from 
nonsprayed (control) halves of trees and from halves sprayed with water 
solution of 25 parts per million 2,4~D at Rancho Sespc, Fillmore, Cali- 
fornia. 


with 5 parts per million 2,4--D, and of 65 per cent in that of trees 
sprayed with 25 parts per million 2,4-D. Although still greater reduc- 
tions were obtained with sprays containing 75 and 225 parts per mil- 
lion 2,4-D, certain undesirable effects of these high concentrations, 
described below, appeared to render them impractical for commercial 
use. If fruit drop is expressed as percentage drop of the fruit on the 
tree at the time of spraying a curve similar to Fig. 1 is obtained. This 
results from the number of fruits per tree at the beginning of the ex- 
periment being approximately the same in the various treatments. 

Laboratory tests were made on the juice of samples of fruits picked 
at intervals of 2 weeks during the period from June 17 to August 12, 
1946. The percentages of soluble solids (degrees Brix, by refrac- 
tometer) and of acid (as citric), and the ratio soluble solids/total 
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TABLE I — Preharvest Drop of Mature Fruit from Grapefruit Trees 
Sprayed with Water Solutions of 2,4~D 


2,4-D 
in Spray 
(Ppm) 


Number 

Number 

of Fruits 

of Emits 

Dropped 

Harvested 


Fruit Drop as Per Cent of 
Total Number of Fruits 
on Trees When Sprayed 


Per Cent Reduction m 
Fruit Drop of Sprayed 
Trees, Compared With 
That of Controls 


Experiment at Riverside* 


None (control) 

68 

367 

15.6 

5 

30 

383 

7.3 

25 

24 

413 

.5.5 

75 

19 

4.37 

4 2 

225 

16 

460 

3.4 


None (control) 
2.5 


Experiment at Rancho SesPe, Fillmoref 

48 2.51 I 16.1 

24 283 I 7^8 


.51.6 


♦Trees sprayed June 3, 1946, with 2.4*D as ammonmmdiethanol 2,4-dichlorophenoxyacetate; 
fruit harvested August 26. 1946. 

fTree halves sprayed August 2. 1946, with 2,4-D as ammonium 2,4-dichloruphenoxyacetate; 
fruit harvested September 27, 1946. 


acid, were obtained on carefully collected samples of fruit of uniform 
size. These are common commercial indices of citrus fruit- quality. No 
reduction in total soluble vsolids and no increase in total acidity were 
observed as a result of treatment with 2,4-D. The ratio was not re- 
duced. There was also go significant change in pH of the juice. These 
data do not indicate any undesirable effects of the 5 and 25 parts per 
million 2,4-D sprays on fruit quality. 

In the one block that was not harvested in August, fruit-drop counts 
were continued at intervals of about 2 weeks until January 6, 1947. 
This was 19 weeks after the period of commercial harvest and 31 
weeks after the date of treatment. Because of lack of replication of 
treatments, the observations made subsequent to August 26 are more 
variable than those made earlier. They indicate, however, that the 

2,4-D sprays were effective in reducing fruit drop for a total period 
of at least 26 weeks, and that during this time the effects were posi- 
tively correlated with the concentrations of the spray. Soon thereafter 
the effects of the more dilute concentrations of 2,4-D (5 and 25 parts 
per million) appeared to wear off, and the trees treated with these 
sprays dropped their fruit rapidly during the next few weeks. The 
rate of fruit drop from trees sprayed with 75 and 225 parts per million 

2,4-D was only slightly accelerated in the final period. 

The sprays containing 2,4-D concentrations of 25 parts per million, 
or more, caused a curling and buckling of young, expanding leaves 
(Fig. 2). The degree of deformation was in proportion to the concen- 
tration of 2,4— D. Deformations caused by 75 and 225 parts per million 

2,4-D tended to persist as the leaves grew ; those caused by 25 parts 
per million 2,4-D were frequently temporary. 

Mature leaves showed different responses to excessive concentra- 
tions of 2,4-D. Those sprayed with 225 parts per million 2,4-D de- 
veloped irregular chlorotic areas (Fig. 2, E) which persisted for 
several months and then gradually disappeared. 




Fig. 2. Response of grapefruit leaves to water sprays containing 2,4-D. (A) 
Young, normal leaf from nonsprayed (control) tree. (B-D) Young leaves 
from trees sprayed with (B) 25 parts per million (C) 75 parts per million, 
and (D) 225 parts per million 2,4-D, showing buckling and curling. (E) 
Mature leaf from tree sprayed with 225 parts per million 2,4-D, showing 
irregular chlorotic areas. 


On July 9, 1947, the fruit that was very small at the time of spray - 
ing (June 3, 1946) was harvested from all trees. Yields were deter- 
mined by counting the fruit from each tree. For the different treat- 
ments, results were as follows : 


2,4— D in Spray 

Average Number i 

(Ppm) 

Per Tree 

None (control) 

237 

5 

327* 

25 

427t 

75 

337* 

225 

n7t 


♦The difference between this value and the control is significant at the 5 per 
cent level. 


fThe difference from the control is significant at the 1 per cent level. 
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Average fruit size, as indicated by the number of fruits per field 
box, was not significantly changed as a result of the treatments. Ac- 
tually, however, some fruits from trees sprayed with 225 parts per 
million 2,4-D were greatly increased in size ; others were very small. 
This effect was less apparent in fruit from trees sprayed with 75 parts 
per million 2,4— D and was not evident in that from the 5 and 25 parts 
per million treatments. 

Besides causing abnonnal sizes of fruit, the 225 parts per million 
spray induced some fruits to become cylindrical in shape ; other fruits 
developed navels and grew thick, coarse rinds having excessively 
large oil glands (Fig. 3), while still other fruits developed dry, hard 



Fig. 3, Abnormal fruit induced by water spray containing 225 parts per mil- 
lion 2, 4-D applied to grapefruit trees June 3, 1946. (A) Cylindrical fruit; 
(B) longitudinal section of same fruit, showing navel structure. (C) 
Fruit showing rough peel and enlarged oil glands. (D) Normal, non- 
sprayed (control) fruit. 
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juice vesicles. Similar responses to sprays containing high concen- 
trations of 2,4-D have also been observed with Valencia and Wash- 
ington Navel oranges (2). 

At the time of harvesting the second crop (July 9, 1947), a com- 
posite sample consisting of eight fruits of uniform size was taken from 
each of the six trees per treatment for measurement of fruit quality 
(Ta!)les II and III). The fruits selected passed a size 80 grading 


TABLE II — Effect of Water Solutions of 2,4-D on Physical Quality 
OF Mature Grapefruit in Experiment at Riverside, California^ 
(Trees Sprayed June 3, 1946; Fruit Harvested July 9, 1947) 


Fruit 

Sample 

2.4.D in 
i^ray 
(Ppm) 

Ratio. 

Length 

to 

Width 

Rind j 

Juice 

by 

Weight 

Specific 

Gravity 

Number 
of Seeds 

W’eight 

(Grams) 

Thickness 

(Mm) 

Per Cent 
by W’^eight 

Per (Dent 
by Weight 

Per Cent 
by Volume 

Nor- 

mal 

Rudi- 

men- 

tary 

J 

None (control) 

0 947 

150 2 

8.24 

46 7 

45 3 

35 8 

5 84 

0.8197 

3 0 

0.8 

2 

ri 1 

0.949 

148 7 

8 13 

47.2 

45 0 

35.5 

6 67 

0 8174 

2 7 

0.8 

3 

25 

0.973 

1.53 9 

8 06 

48.6 

41.6 

33.0 

8 31 

0.8210 

2.1 

2.7 

4 

75 

0 975 

161.2 

7 84 

47 3 

41.3 

33 2 

9.58 

0.83.58 

1.8 

6 1 

r> 

225 1 

0 981 

162 7 

6.26 

45 0 

37 7 

31 5 

14 90 

0,88.39 

0 8 

11.0 

(if 

225 

0 988 

318 9 

9 86 

47 4 

36 6 

28 5 

13.70 

0 8110 

0 7 

16 3 



225 1 

1 054 1 

224 1 

i 8.28 

49 3 

35 1 

27.9 

13.01 ) 

1 0 8313 

0 8 

14 4 


♦Data jjivcn are averaj'es. Unless otherwise stated, each sample consisted of 48 fruits of normal 
size (average diameter 9 08 cm). 

tAbnormally large fruit; sample, 40 fruits*. 
tCyhndrically shaped fruit; sample, 34 fruits. 


TABLE III — Comparative Analyses of Juice of Mature Grapefruits 
From Trees Sprayed With Water Solutions of 2,4-D in Experiment 
at Riverside, California* (Trees Sprayed June 3, 1946; Fruit Har- 
vested July 9, 1947) 


Sample 

2.4-D 
in Spray 
(Ppm) 

Ascorbic 

Acid 

(Mg/100 Ml) 

Total Acid 
as Citric 
(Per Cent 

pH 

Soluble 
Solids 
(Pci Cent) 

Ratio, Solu- 
ble Solids 
to Total Acids 

1 

None (control) 

29.0 

1 48 

2.88 

10.49 

7.11 

2 

5 

31.7 

1 42 

2.89 

10 04 

7 50 

3 

25 

31.7 

1.45 

2 90 

10 65 

7 37 

4 

75 

33 4 

1 43 

2 90 

10.95 

7.67 

5 

226 

35.2 

1 36 

300 

12.44 

9.13 

6t 

225 

29.0 

1.34 

3.(K) 

11.19 

8.33 

„7i 

225 

31 7 

1.34 ! 

3.00 

10 95 

8.15 


♦Unless otherwise stated, juice samples were ftom fruits of normal size (average diameter 9.08 
cm) ; samples, 48 fruits each. 

tAbnormally largo fruit; sample, 40 fruits. 
tCylmdrically shaped fruit; sample, 34 fruits. 


ring (9.5 centimeters in diameter) but not a size 96 ring (8.7 centi- 
meters in diameter) and averaged 9.08 centimeters in diameter. The 
following differences were noted in these fruits with increase in con- 
centration of 2,4— D in the spray treatment: an increase in the ratio 
of length to width, an increase in the number of rudimentary seeds, 
a decrease in the number of normal-appearing seeds, a decrease in 
rind thickness, an increase in soluble solids and pH of the juice, an 
increase in percentage of rag (tissue not passing through the vibrating 
screen of an electric juice extractor), and an increase in the specific 
gravity of the whole fruit. Samples of abnormally large fruits and of 
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cylindrically shaped fruits from the trees sprayed with 225 parts per 
million 2,4~D were also examined for fruit quality. These fruits gen- 
erally showed even more extreme effects of high concentrations of 
2,4-D in the spray than the normal-sized fruit (see Tables II and 
III). 

Experiment at Fillmore (Rancho Scspe ): — In this experiment al- 
ternate east or west halves of eight grapefruit trees were sprayed 
August 2, 1946, with a water solution containing 25 parts per million 
2,4~D added as ammonium 2,4-dichlorophenoxyacetate. The treat- 
ment was applied as a drenching spray, care being taken to wet the 
fruit pedicels. Fruit was removed from under the trees immediately 
after the spraying. At 2-week intervals thereafter counts were made 
of fruit drop under the sprayed and nonsprayed halves of the trees. 
Fruit within a 2-foot strip between halves under each tree was not 
counted. 

The nonsprayed halves of the trees dropped twice as much mature 
fruit as the sprayed halves during the interval between August 2 and 
September 27, 1946 (Fig. 1 and Table I). The difference in fruit drop 
was significant as judged by the t test. Analyses of fruit juice indi- 
cated no significant differences between nonsprayed and sprayed 
fruits in soluble solids, total acids, pH, or ascorbic acid. The young 
leaves in this experiment responded to the spray treatment in the 
same manner as those in the Riverside experiment. 

Discussion 

The results of these experiments indicate the possibility of using 
water sprays of 2,4-D to reduce preharvest fruit drop of grapefruit. 
In the Riverside experiment sprays containing only 5 parts per mil- 
lion 2,4-D were nearly as effective as those containing 25 parts per 
million. Sprays containing 225 parts per million 2,4-D reduced the 
following year’s crop production and caused undesirable morphologi- 
cal responses in the fruit. Since some of the undesirable effects of the 
sprays were slightly discernible in fruits that had been sprayed while 
small with concentrations of 25 and 75 parts per million 2,4-D, those 
sprays containing less than 25 j)arts per million 2,4-D appear to be 
most feasible. 

The significant crop increase observed in the Riverside plots the 
year following treatment with concentrations of 5, 25, and 75 parts 
per million 2,4-D is an effect that must be substantiated by further 
tests before being accepted as generally obtaining. The jirescnl data 
are not considered adequate for generalizations in this regard. 

The development of navels in grapefruits sprayed with 75 or 225 
parts per million 2,4-D suggests that the naturally occurring navels 
in certain citrus varieties may result from the presence of large 
amounts of one or more natural plant-growth regulators. This hy- 
pothesis is also supported by the observation that in the ovaries of 
parthenocarpic varieties of citrus (Washington Navel oranges, for 
example) the auxin content has been found to he higher than in 
corresponding seeded varieties (1). 
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In Navel oranges as in grapefruit, the development of rudimentary 
seeds has been observed to follow application of 2,4~D (2), 

Summary 

Two field experiments are described in which water sprays con- 
taining 5 to 225 parts per million 2,4-D were applied to nearly mature 
grapefruit for control of preharvest fruit drop. Up to the middle of 
the normal harvest period fruit drop was reduced 52 to 78 per cent, 
the percentage of reduction depending on the concentration of 2,4~D. 
The reduction in fruit drop persisted after the usual harvest season. 

No undesirable efTects on the quality of the juice were noted as a 
result of the use of any of the sprays applied on the nearly mature 
fruit. Dilute sprays of 2,4-D appeared to have no commercially sig- 
nificant effects on the quality of the following year’s fruit ; but sprays 
containing 225 parts per million 2,4~D caused undesirable growth 
modifications in these fruits, as w'ell as a reduction in yield. More 
dilute sprays seemed to increase the succeeding crop in one experi- 
ment, but sprays as dilute as 25 and 75 parts per million may have 
affected sonie fruit characteristics slightly. 

The indications from these studies are that water sprays containing 
between 5 and 25 parts per million 2,4-D are promising as treatments 
for the reduction of preliarvest drop of grapefruit. Sprays containing 
5 parts per million 2,4-D were almost as effective as those containing 
25 parts per million. Additional experiments are being carried out to 
determine the practical value of such sprays, and to answer certain 
(piestions regarding methods and effects of treatment. 
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Ascorbic Acid«Nitr<^en Relations in Navel Orange Juice, 
As Affected by Fertilizer Applications^ 

By Winston W. Jones and E. R. Parker; University of 
Califorma Citrus Experiment Station, Riverside, Cdif. 

I NVESTIGATIONS of the factors affecting the ascorbic acid content of 
plants have been numerous. Two factors appear to have marked 
influence on ascorbic acid content, namely, climate, or light (3, 4), 
and mineral (nitrogen) nutrition (1, 2, 5). Under conditions of rela- 
tively low light intensities light is apparently the more important 
factor (3), but under those of relatively high light intensities mineral 
(nitrogen) nutrition appears to l3e dominant. The published data are 
somewhat contradictory, however. An attempt has been made else- 
where (5) to integrate these factors. 

Because of the relatively high light intensities found in soutliern 
California, nitrogen nutrition might be expected to be an important 
factor in ascorbic acid concentration. As a part of a study concerned 
with the influence of cultural and fertilizer practices on size and qual- 
ity of navel orange fruit, a number of determinations have been made 
to ascertain whether the ascorbic acid content of the fruit has been 
affected. 

Materials anp Methods 

The fruits for the present study were taken from trees in a navel 
orange fertilizer experiment at Riverside. This experiment, which has 
been described by Batchelor, Parker, and McBride ( 1 ) and by Parker 
and Batchelor (6) and is now (in 1947) in its twentieth year, in- 
cludes a total of 44 treatments, each replicated four times. For the 
study reported here, trees of the 12 treatments listed in Table I were 


TABLE I — Fertilizer Treatments of Navel Orange Plots (1939-1947) 


Treatment* 

Pounds Nitrogen 
Applied Per Tree 
Annually 

6. Winter cover crop only 

0 

2. N. . 

3 

3. N, P .. 

3 

4. N, P. K . . . 

3 

5. N. K ... 

3 

18. N and winter cover crop. 

3 

8. N, P, and winter cover crop 

3 

9. N. P, K, and winter cover crop. 

3 

11. N, K, and winter cover crop . . 

3 

C. N, manure, and winter cover crop 

3 

31. Manure and winter cover crop 

3 

23. N and winter cover crop 

5 


♦Explanation of symbols: N = nitrogen, derived from urea, except in treatment 23, from 
Ca(NOj)^; P ** treblesuperphosphate; K *= potassium sulfate. 


selected. Since 1939, the rates of nitrogen application have been those 
indicated in the table. 

Fruit samples were taken in February and again in March, 1947, 
each composite sample consisting of six fruits of uniform size from 

Taper No. 571, University of California Citrus Exj^eriment Station, River- 
side, California. 
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the north, south, east, and west sides of each of three trees, or a total 
of 72 fruits for each replication. For the four replications of each treat- 
ment the total number of fruits tested was therefore 288. Fruits were 
juiced and the juice of each composite sample was mixed. Ascorbic 
acid in the juice was determined by visual titration with a standard 
solution of sodium 2,6-dichlorobenzenoneindophenol. Nitrogen was 
determined by the micro-Kjeldahl method. 

Results and Discussion 

Since the results of tests on the samples taken in February and in 
March were similar, only tho.se of the first date are reported here. The 
data are shown in Tables II, III, and IV, and in Fig. 1. 

TABLE II — Nitrogen and Ascorbic Acid in Juice of Navel Oranges 
From Trees Receiving Varying Amounts of Nitrogen* 


Treatment 

No. 

Nitrogen 

Ascorbic Acid. 

Mg Per 100 Ml 
Juice 

Pounils Applied 
Per Tree Annually 

Mg Per 

100 Ml Juice 

0 

0 

11().2 

83.0 

, 18. 8. 9. n. C. 31 (Mean) 

3 

1«3 4 

70 5 

23 

5 

181 0 

68 5 


♦r « --0.87/). 


TABLE III — Nitrck.en and Ascorbic Acid in Juice of Navel Oranges 
From Treks Receiving the Same Amount of Nitrogen 


Treatment 

Nitrogen. 

Mg Pei 100 Ml Juice 

Ascorbic Acid, 

Mg Per 100 Ml Juice 

31 

146 3 

72 0 

C 

155 8 

72 5 

18 . . . . 

l.W.S 

71 0 

11 

160 3 

71.4 

8 

162 4 

68.8 

2* . . 

166 2 

70.0 

5* 

169.8 

72.1 

!) 

169.8 

70 2 

3* 

172 0 

66 4 

4* . 

173 0 

70.8 

Mean . 

163.39 

70 52 

Difference re<nurcd for significance at odds of: 



19 to 1 

10 05 

3 08 

99 to 1 

13.57 

4 16 


♦Without covet crop or manure. 


TABLE IV — Analyses of Variance of Nitrogen and Ascorbic Acid 
Content of Juice of Navei. Oranges From Plots Receiving the Same 
Amount of Nitrogen in the Fertilizer 


Source 
of Variation 

Degrees 

of 

Freedom 

Nitrogen 

Ascorbic Acid 

! 

.Mean Square] 

F 

Mean Square 

P 

Total 

39 







Blocks 

3 

663.397 


1.210 

— 

Treatment 

9 

305 848 

6.378** 

13.378 

2 964* 

Error 

27 

47.954 


4.514 

— 

Organic matter effectf 

1 

1399 73 i 

29.189** 1 

12 61 

2 794 


♦♦SiRmficant at 99 to 1 level. 

♦Significant at 9 to 1 level. 

fPlots with organic matter versus those without. 
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Fig. 1. Relation between ascorbic acid and nitrogen in juice of navel oranges 
supplied with different amounts of nitrogen in the fertilizer. 


Juice of fruits from treatment 6 was found to be extremely low in 
nitrogen and high in ascorbic acid, whereas that from treatment 23 
was high in nitrogen and low in ascorbic acid. When all treatments 
are considered, the correlation coefficient between ascorbic acid and 
nitrogen is —0.875, a value significant at the 1 per cent level. When 
only those treatments providing the same annual amount of nitrogen 
per tree (3 pounds) are considered, however, a different situation 
appears to exist. It was found that highly significant differences ex- 
isted in the nitrogen content of juice of fruits from the different treat- 
ments in this group, as judged by analysis of variance. Likewise, sig- 
nificant differences in the ascorbic acid content were observed. Tlie 
correlation coefficient between nitrogen and ascorbic acid for the fruits 
from these treatments is only —0.237, however, which is not signifi- 
cant. 

We have no data that will adequately explain the differences in 
ascorbic acid and nitrogen in the juice of fruits of those trees receiving 
the same amount of nitrogen in the fertilizer. The differences in nitro- 
gen in the juice are probably related to supplemental treatments other 
than nitrogen applied. Treatments 8, 9, 11, 18, 31, and C included 
organic matter, and the juice of fruits from those plots contained, on 
the average, significantly less nitrogen than that of fruits from treat- 
ments 2, 3, 4, and 5, which did not include organic matter (Table 
ITT ) . It is of interest to note that additions of organic matter markedly 
affected the permealiility of the soil (7) and also increased yields of 
fruit (6). In the present studies, however, no effect on ascorbic acid 
content of the fruit juice could be ascribed to organic matter. 
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It appears from these studies that when the range of nitrogen in 
the juice is held within the narrow limits imposed by fertilizer treat- 
ments supplying the same amounts of nitrogen per tree annually, there 
are independent but significant variations between the amounts of 
ascorbic acid and nitrogen in the juice ; but when the limits of nitro- 
gen supply are widened, there is a correlation, the ascorbic acid in the 
juice varying inversely with the nitrogen. This is not unexpected. 
The correlation exists only when nitrogen is a limiting factor. It is 
difficult to ascribe the independent variations described above to light, 
since the trees were equally foliated and the fruit must have received 
similar exposure. This suggests that there are additional, but un- 
known, factors concerned in the metabolism of ascorbic acid. 

Summary 

1. Under the conditions of this study, there was an over-all inverse 
correlation between nitrogen and ascorbic acid in the juice of navel 
oranges. 

2. The amount of nitrogen in the juice varied with the amount 
applied in the fertilizer. 

3. The addition of organic matter to those fertilizer treatments 
providing e(|ual amounts of nitrogen per tree annually resulted in a 
highly significant decrease in nitrogen in the juice but had no effect 
on the ascorbic acid content. 
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Identification of Pear and Quince Rootstocks 
from Root-Pieces^ 

By G. S. Randiiawa, Ontario Agricultural College, 

Guelph, Canada 

I F the bud or graft-union of a dwarf pear tree is covered with soil, 
rooting will eventually take place from the scion. For this reason, 
shallow planting of dwarf pear trees has been recommended. Even if 
this advice is strictly followed, sometimes normal cultivation, after a 
time, raises enough soil to cover the union and scion roots result. In 
such cases the scion roots should be pruned away in order to maintain 
the dwarfing effect of the rootstock. It is important, therefore, to be 
able to distinguish pear roots from the quince roots. 

Macroscopic Tests 

1. Surface Color of Bark: — Young pear roots were found to be 
reddish brown, whereas young quince roots were dull dark brown. In 
old quince roots this color w'as further deepened to a prominent black- 
ish tinge. This proved to be a definite means of identification. 

2. General Growth Habit: — Quince roots were finer, numerous, 
and for the most part, penetrated the soil horizontally. Pear roots, on 
the other hand, w^ere strong and penetrated the soil vertically. 

3. Color of Inner Bark: — The color of inner hark proved to be an- 
other useful means of identification of pear and (juince roots. Pear 
roots w^ere creamy white ; quince roots were pearly white, sometimes 
with pink streaks. 

Chemical Tests 

The pear and quince roots were sliced slightly and treated wdth a 
few drops of different chemicals. The chemicals that proved helj)ful 
in identification are given in Table T along with their color reactions. 


TABLE I — Colors Produced by Various Chemicals on the Inner 
Bark of Pear and Quince Roots 


Chemical 

Color of Inner Bark 

Oumce Root 

Pear Root 

Ammonium hydroxide 

Deeper white 

Deep creamy 

5 per cent 

Ammonium hydroxide 

Creamy 

Light yellow 

(Concentrated) 

Ferric chloride 

60 per cent 

Dark greenish brown 

Darkens lightly 

Lemon Yellow* turns Xanthine 

Sodium hydroxide 

Ochraceous-Salmon* turns Vina- 

(Concentrated) 

ceous- Tawny after some time 

orange aftei some time 


♦Colors from Ridgeways Standards and Nomenclature. 


Of these four chemicals, sodium hydroxide gave the best color dis- 
tinction and is therefore preferred. 

^Government of India student. 

The author wishes to acknowledge the cooperation of Dr. W. H. Upshall, 
Vineland Station, Dr. J. S. Shoemaker and Dr. J. H. L. Truscott of the De- 
partment of Horticulture, Ontario Agricultural College, Guelph. 
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Varietal Differences in the Calcium, Magnesium, 
Potassium, and Total Phosphorus Content 
in Pinnae of Date Palms 

By A. R. C. Haas, University of California Citrus 
Experiment Station, Riverside, Calif. 

I N previous reports (2, 3), it was pointed out that the dry matter of 
the pinnae of the Deglet Noor variety when compared with that 
of the pinnae of other date palm varieties grown under the same en- 
vironmental conditions, contains relatively small amounts of chlorine 
but may contain large amounts of water-soluble boron. It appeared 
desirable to determine the content of other constitutents as well as 
those already reported. 

Only the oldest healthy leaf (lowermost leaf) was collected from 
the date palms of the Mecca plots^ in the Coachella Valley. All of the 
pinnae from a typical leaf furnished abundant material. The pinnae 
were washed in running distilled water and wiped dry. After being 
cut into pieces 1 to 2 inches in length, the pinnae w^ere dried in large 
paper bags in a well -ventilated oven maintained at 65 degrees C. 
When dry they were finely ground in a large Wiley mill. The powder 
was placed in envelopes made by folding heavy brown paper and 
these were inserted into heavy brown paper bags bearing the desired 
information regarding the sample. The samples were then stored in 
an oven maintained at 50 degrees C until duplicate aliquots were 
weighed. 

Calcium and magnesium were each determined after double pre- 
cipitation : the former, as the oxalate, was titrated with permanganate, 
whereas the latter was weighed as the pyrophosphate. The samples 
for calcium and magnesium determination were first heated gently at 
low heat and when cool, the ash was leached with distilled water and 
the filter pa])er was returned to the dish for further incineration. 
Dilute HCl was used to dissolve the white ash. Potassium was deter- 
mined as the chloroplatinate on samples to which dilute H 2 SO 4 was 
added prior to the drying and incineration of the samples. The ash 
was leached with distilled water as in the case of calcium and mag- 
nesium between incinerations and dilute HCl was used to dissolve 
the white ash prior to filtration and evaporation to dryness. Total 
phosphorus was determined by the stannous chloride-molybdic acid 
colorimetric method and by the use of a Fisher Electrophotometer. A 
heavy glass rod was of considerable assistance in pulverizing the puffy 
ash during the repeated incinerations with magnesium nitrate. Dilute 
nitric acid was used to dissolve the ash before the filtration and the 
bringing of the solution to a known volume. 

After obtaining the results of closely agreeing duplicate samples, the 
data were placed in descending order of magnitude, for it was then 

’These leaves were collected through the kindness and assistance of Dr. 
Donald E. Bliss of the Division of Plant Pathology, University of California, 
Citrus Experiment Station, Riverside, California. 
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more dearly evident as to the effect that the date palm varieties have 
upon the accumulation of the various constituents of the pinnae. 

Table I presents data for the pinnae of 15 different date palm 
varieties, each of which were growing under similar environmental 
conditions, with no rootstock to deal with, since these palms are 
grown from vegetative offshoots. The dry matter of the pinnae in 
the table show a wide range of content of the different constituents 
according to the palm variety. 


TABLE I — Inorganic Composition of Pinnae of Oldest Healthy Leaves 
Collected December 30, 1943 from Date Palm Varieties Grown on the 
Mecca Plots in the Coacheixa Valley of Southern California 


Variety 

Row 

Palm 

Content in 
Dry Matter 

Variety 

Row 

Palm 

Content r 
Dry Matt! 

Calcium {Per Cent 

in Dry Matter) 

Magnesium {Per Cent in Dry Matter) 

Theory , 

11 

5 

1.118 

Tazizoot 

16 

6 

0.244 

Zahidi . . 

9 

5 

1.009 

Khadrawy 

13 

4 

0.235 

DeRlet Noor. . . . 

12 

4 

0.873 

Barhee . 

10 

12 

0 218 

Dayn 

15 

6 

0 812 

Kustawy . . 

16 

10 

0.190 

Khadrawy 

13 

4 

0.781 

Zahidi 

9 

5 

0.187 

Hcllali.. . 

14 

12 

0.770 

Hayany 

13 

12 

0 176 

Hayany 

13 

12 

0.734 

Medjool 

10 

11 

0.175 

Kustawy. . . . 

16 

10 

0.669 

Sayer 

16 

4 

0 163 

Tazizoot . ... 

16 

5 

0.628 

Dayri 

15 

6 

0.164 

Barhee . 

10 

12 

0 618 

Deglet Noor 

12 

4 

0.145 

Maktoom . . . 

16 

12 

0.615 

Rhars 

12 

12 

0.141 

Saidy . . , . 

10 

5 

0.576 

Thoory 

11 

5 

0.141 

Mcdjool . . . 

10 

11 

0.564 

Saidy 

10 

5 

0.070 

Sayer . . 

16 

4 

0.488 

Hellah . . 

14 

12 

0 068 

Rhars. . 

12 

12 

0.295 

Maktoom 

15 

12 

0.051 

Potassium {Per Cent in Dry Matter) 

Total Phosphor u 

V {ppm in Dry Matter) 

Saidy 

10 

5 

0.776 

Saidy 

to 

5 

1,860 

Medjool 

10 

11 

0 693 

Hayany 

13 

12 

960 

Sayer 

15 

4 

0.692 

Thoory 

11 

5 

940 

Rhars 

12 

12 

0.670 

Tazizoot 

16 


870 

Kustawy 

16 

10 

0.547 

Kustawy . . 

16 

10 

870 

Tazizoot 

16 

5 

0.643 

Khadrawy . . 

13 

4 

820 

Hayany . 

13 

12 

0.507 

Dayn 

16 

6 

760 

Heflah 

14 

12 

0 499 

Heflali . 

14 

12 

720 

Barhee 

10 

12 

0.435 

Barhee 

10 

12 

710 

Dayri 

15 

6 

0.401 

Medjool 

10 

11 

650 

Thoory 

11 

5 

0.345 

Saver 

15 

4 

640 

Zahidi 

9 

5 

0 341 

Zanidi 

9 

5 

630 

Maktoom . 

15 

12 

0.339 

Rhars . 

12 

12 

610 

Khadrawy 

13" 

4 

0.325 

Maktoom . . . 

15 

12 

600 

Deglet Noor 

12 

4 

0.232 

Deglet Noor 

12 

4 

600 


Deglet Noor being one of the principal commercial varieties grown 
in the Coachella Valley is of particular interest. The pinnae of this 
variety contain large concentrations of calcium, rather low amounts 
of magnesium and the lowest concentrations of potassium and total 
phosphorus of any in the entire list of varieties tested. Pinnae of the 
Khadrawy variety also were very low in potassium content and rather 
high in calcium, magnesium and total phosphorus. Since the pinnae 
were taken from the oldest (lowermost) healthy leaf, the low potas- 
sium content may be considered an indication that the Deglet Noor 
palm utilizes the potassium to such an extent as to greatly reduce the 
residues in the tissues before actual death of the pinnae. 

Several varieties of date palms are subject in varying degrees to 
the “decjine-disease*' (1). It is known that an adequate nitrogen fer- 
tilization practice is essential. The data would suggest possibly the 
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increasing of the supply or availability of potassium, if not phosphorus, 
in these soils and the lowering of the calcium absorption. 

Summary 

Data are presented for the calcium, magnesium, potassium, and 
total phosphorus content of the pinnae of IS varieties of date palms 
growing under the same environmental conditions in the Coachella 
Valley in southern California. The data show a wide range of content 
of the different constituents according to the palm variety. 

The pinnae of the most mature and healthy leaf of Deglet Noor, one 
of the chief commercial palm varieties, were found to contain large 
concentrations of calcium, relatively low amounts of magnesium and 
the lowest concentrations of potassium and total phosphorus found 
in the pinnae of any of the fifteen palm varieties tested. The data may 
be suggestive of the need of a greater supply or availability of potas- 
sium, if not phosphorus, in these soils and a lowering of the calcium 
accumulation in pinnae. 
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Toxicity of Peach Roots 

By Leon Havis and Anna L. Gilkeson, U. S. Plant 
Industry Station, Beltsville, Md. 

T he frequent difficulty in obtaining satisfactory growth of peach 
trees after replanting old peach sites to peaches has been variously 
explained. One common explanation of this difficulty is that some 
toxic material produced by the roots of the previous trees is injurious 
to the replanted trees. The reports of Massey (3) and Strong (8) on 
walnuts, Schreiner and Reed (6, 7) on wheat, Proehsting and Gil- 
more (S) on peaches, Benedict (1) and also Myers and Anderson 
(4) on brome grass, and Bonner and Galston (2) on guayulc, all 
strongly suggest the possibility of toxic action as an explanation. The 
experiment reported here was set up to determine the effect of addi- 
tions of peach root bark, whole peach roots, and water-soluble peach- 
root leachate on young peach trees that were well supplied with all 
nutrients known to be necessary for vigorous tree growth. 

The experiment was conducted during the early spring and summer 
of 1945 and 1946. The trees used in 1945 were selected 1-year Lovell 
seedlings budded to Elberta the previous August and cut back to the 
bud when planted. In 1946 small (2- to 3-foot) June-budded Elberta 
trees on Lovell stocks, and Elberta seedlings 4 inches in height were 
used. The 1-year trees were cut back to a single bud. The trees were 
grown in sand in 3-gallon earthenware crocks connected at the bot- 
toms with 18-liter bottles of nutrient solution. The nutrient solution 
supplied was composed of approximately 100 parts per million nitro- 
gen, 18 parts per million phosphorus, v32 parts per million potassium, 
64 parts per million calcium, 39 parts per million magnesium, and 
other elements in quantities that have previously been found satisfac- 
tory for vigorous growth of young peach trees. The nutrient solutions 
were maintained in 18-liter carboys, each of which supplied three 
crocks containing one tree each. The nutrient solution, together with 
any leachate from the additional roots or bark, was pumped into the 
crocks three times each day. The solutions were replenished to ap- 
jiroximately the original concentration of elements and full volume 
every 2 weeks. Tn order to continue to flush the crocks with the root 
percolate, whatever remained of the old solutions at the time of re- 
plenishment was not discarded during the 7-nionth period of the test 
each year. 

The materials added to the sand medium consisted of (a) peach 
root bark that was dried at 80 degrees F and ground to pass a 20- 
mesh screen; (b) root bark frozen in carbon dioxide and similarly 
ground ; (c) whole small fresh roots frozen in carbon dioxide to per- 
mit their being ground; and (d) whole fresh roots of various sizes 
cut into pieces not over inch long. For most treatments there was a 
total of six replicates during each of the 2 years. 

The principal treatments included in the test are given in terms of 
the material added to the sand in each crock : 

1. 24 grams of dried and ground peach root bark 
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2. 48 grams of dried and ground peach root bark 

3. 300 grams of dried and ground peach root bark 

4. 200 grams of fresh (not dried) and ground peach root bark 
(frozen) 

5. 300 grams of fresh (not dried) and ground peach root bark 
(frozen) 

6. 270 grams of fresh (not dried) and ground whole small roots 
(frozen) 

7. 400 grams of chopped whole peach roots 

8. Control : neither peach roots nor peach bark added 

During the course of the experiments, which extended over the 7- 
month period from February to August, inclusive, the peach trees 
grew very well under all treatments during both years of the tests. 
The average length of all the new wood produced by each tree in 1945 
was 946 centimeters. The average increase in total fresh weight per 
tree that year was 456 grams. During 1946 in the test where small 1- 
year trees were cut back to one bud, the average weight increase per 
tree was 451 grams. The S-inch seedling peach trees used in 1946 grew 
equally well in sand with the root materials added and in the controls 
throughout most of the test period. Those growing in the crocks with 
the roots or bark added, however, grew even more vigorously than 
the controls during approximately the last 2 months of the 7-month 
period. 

Throughout these tests there was no evidence that there is any 
‘Toxic’' substance in peach roots or peach leachate that adversely 
affects the growth of young peach trees in high-nutrient sand cultures. 
These results are not in agreement with those of Proebsting and Gil- 
more (5), who found evidence of toxicity in peach root bark. A larger 
amount of root bark was used in the studies reported here ; also the 
leachate from the root bark was forced through the sand medium three 
times each day for several months. In fact, new roots of the trees 
planted in the crocks to which chopped roots had been added actually 
penetrated well into the bark and along the cambial zone of the old 
roots without apparent injury to themselves. There are many cases of 
failure when replanting peaches in the orchard w^hich seem difficult 
to explain on the basis of soil nutrients. It is possible that the results 
obtained may not be directly applicable to all orchard soils, but it is 
additional information on this problem on which we need still more 
research, since it is becoming more and more serious to peach grow- 
ers in many areas. 
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The Effect of Three Factorial Levels of Nitrogen and 
Phosphorus on the Growth and Composition 
of Cinchona Ledgeriana 

By Arnaud J. Loustalot and Harold F. Winters, 

U. S. Department oj Agriculture, Mayaguez, P. R. 

Abstract 

This material will be published in full in Plant Physiology. 

C inchona ledgeriana seedlings were grown in sand culture at 
three levels of nitrogen (3, 18, and 81 parts per million) and 
three levels of phosphorus (0, 5, and 25 parts per million) in factorial 
combination. 

The low level of nitrogen had a marked depressing effect on the 
growth of the seedlings, but there was no statistically significant dif- 
ference in the growth of plants receiving 18 and 81 parts per million 
of nitrogen. 

The high level of phosphorus greatly depressed growth of plants 
with the low nitrogen supply and to a lesser extent those supplied with 
a medium nitrogen level. On the other hand growth of the high nitro- 
gen plants was directly correlated with phosphorus level. 

Roots and stems of plants grown at the high nitrogen level con- 
tained higher amounts of total alkaloid and quinine sulfate than did 
those of plants grown at the lower nitrogen levels. 

There was no consistent effect of phosphorus on the quinine con- 
tent of the plants in the various treatments, but there was a tendency 
for total alkaloids to be higher in plants with a high phosphorus level. 

The nitrogen content of the leaves varied directly with the nitrogen 
level at which the plants were grown. At all nitrogen levels the nitro- 
gen content of the leaves was inversely correlated with the phosphorus 
supply. Thus, at the low nitrogen level the high phosphorus concen- 
tration accentuated nitrogen deficiency. 

The leaves of plants grown in the low and medium nitrogen levels 
contained increased percentages of calcium and phosphorus as the 
phosphorus supply increased but the amounts of nitrogen, potassium, 
and magnesium in these plants decreased. 

The results of this experiment indicate that growth of young cin- 
chona trees may be limited under certain conditions if the phosphorus 
concentration is too high. They also indicate that the phosphorus re- 
quirement of cinchona is relatively low and that for optimum growth 
the phosphorus must be available in the proper proportion to nitrogen 
and possibly other mineral elements. 



Investigations on Thinning of Peaches by Means of 
Caustic and '"Hormone” Sprays^ 

By A. E. Murneek and A. D. Hibbarp, University 
of Missouri, Columbia, Mo. 

D ue to the prevailing high cost of labor and the necessity of thin- 
ning peaches to secure a desirable size and quality, there is a 
continuing interest to devise a more economical procedure for this 
practice. We have considered both the relatively new chemical and 
])hysical means of thinning this fruit. A preliminary report of our 
investigations, giving the results for 1944, has been published (2). 
The present paper deals with some spraying tests conducted in 1945 
and 1946 in the southeastern peach growing region in Missouri. 

The 1945 Tests 

Elgetol (sodium salt of dinitro-ortho-cresol) having given desirable 
results in the preceding year, attempts were made to study its use 
further in 1945 together with the possible value of naphthalene acetic 
acid (NA) for fruit thinning (1). Unfortunately, because of the dis- 
tance (300 miles) of the experimental orchard from Columbia, and 
the extremely hot weather, it was not possible to apply the sprays 
until almost 100 per cent of petals were off (about 3 to 4 days past full 
bloom). Still, it was thought of interest to see what effect these sprays 
might have when used so late. Vigorous Elberta trees were sprayed 
respectively with Elgetol at concentrations of .125 per cent, .25 per 
cent and .5 per cent and with sodium salt of naphthaleneacetic acid 
(commercial '^preharvest spray” material) at 5, 10 and 20 parts per 
million. 

The results showed that in no instance was the fruit thinned suf- 
ficiently excepting when .5 per cent of Elgetol was used. Even in this 
case most of the trees had a 25 to 75 per cent overload of fruit. While 
the 1945 test, therefore, must be considered negative, it should serve 
as an example of the importance of timely application of such sprays 
and the difficulty in timing which growers may experience during hot 
weather in the blooming period. 

The 1946 Tests 

The season was far more favorable than in the preceding year for 
such an investigation. The same Elberta trees, now 9 years old, of 
moderate vigor and bloom because of a very heavy crop in 1945, were 
used for this purpose ; also a block of mixed varieties of heavily bloom- 
ing uniformly vigorous trees of the same age, planted in replicated 
rows. All of them had beep pruned moderately, but had received 
heavy applications of a nitrogenous fertilizer. 

Warm weather prevailed up to the date of experimental spraying, 
when the Elberta trees were in full bloom and there had been at least 
2 good days for pollination and fruit setting. Trees in the mixed varie- 

^Contribution from the Department of Horticulture, Missouri Agricultural 
Experiment Station, Journal Series No. 1044. 
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ty block had 75 to 100 per cent flowers open when sprayed, with, of 
course, proportionally fewer flowers pollinated and set. Cool to cold 
weather prevailed on the day of experimental treatment. 

The procedure of spraying and recording of results was the same 
as given in a previous rq^ort (2). All trees that were not sufficiently 
spray thinned received additional hand thinning at the usual time. 
The size of the Elberta peaches sprayed with Elgetol, in terms of 
number of fruit per bushel, was determined when harvested. 

The results, presented in Table I, show that these Elberta trees, 
sprayed 2 days after good pollination weather, required a concentra- 
tion of .31 per cent pints) or slightly more of Elgetol to thin the 


TABLE I — Peach Thinning Experiments, Campbell, Missouri 
( 1940 , Elberta) 


No of Concentration 
(Pe"& 


Flowcrb 

Set 

(Per Cent) 


Reinarkb 


Per Cent 

No. Fruit 

Flowers Set 

Per Bushel 

Aftei Ilanil 

(At Harvest 

Thinning 

Time) 


8 0 375 

8 0.31 

8 0 25 

8 0 125 


4.0 
20 1 
30 1 
25.2 


1. Elgetol Sprays 

Thinned too much 
Not quite enounh 
Not enoui'h 
Not enough 


4.5 

12.0 

18.7 

10.3 


140 

104 

211 

226 


j. Ercharvest Sprays 


(Parts Per Million) 


8 

40 

44.3 

Approximately 5 per cent 

23.3 

8 

20 

35.3 

fruit not yet diopped 

20 2 

8 

10 

42.1 

naturally, these in- 

20 1 

7 

5 

47-0 

cluded in count 

23 6 




j. Controls 

8 

1 No spray 1 

33.2 1 Set too heavy 


1 22 7 _ I J^5 


crop to a desirable extent. This was accomplished by a reduction in 
the percentage of flowers that set fruit from 33 per cent (controls) to 
about 20 per cent. As a result of “flower thinning’^ with Elgetol the 
size of fruit was, increased from 225 to approximately 190 per bushel. 
The results are in quite close agreement with those obtained in 1944 
on the same trees, when Elgetol of .25 to .5 per cent thinned about 
right peaches. 

Naphthaleneacetic acid (NA) at concentrations of 5 to 40 parts 
per million, instead of thinning the crop, actually increased the fruit 
set over the controls (Table I). It is probable, though, that it resulted 
merely in an unnatural delay in abscission of the young fruit. There is 
a possible indication that with increasing concentration, wdthin limits 
of 5 to 20 ppm, there was a reduced stimulation of fruit setting. 

The same concentration (.31 per cent) of Elgetol thinned to a 
satisfactory extent the heavily blooming mixed varieties of peaches, 
the percentage of flowers setting fruit being reduced from 26.4 per 
cent (controls) to 7.6 per cent (Table II). The preharvest spray 
material, at a strength above 5 ppm, likewise reduced the set, though 
insufficiently — ^from 36 per cent on controls to about 27 to 32 per cent 
on sprayed trees. A possibly interesting feature of the effects of pre- 
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TABLE II— ‘Peach Thinning Experiments, Campbell, Missouri, 
1946 — Mixed Varieties 


Concentration 

Per Cent 


Per Cent Flowers 

of Spray 
(Per Cent) 

Flowers Set 

Remarks 

1 

Set After Hand 
Thinning 


SdUberta, Halehaven, Elberta, Golden Jubilee, Frank, Mikado, South-Haven 
t, Elgetal Sprays 


13 

0.375 1 

4.4 

Thinned too much 

15 

0.31 

7.6 

Thinned just right 

15 

0.25 

16.7 

Not quite enough 

13 

0.126 1 

22.3 

Not enough 


2, Controls 

14 I No spray 1 26.4 1 Set too heavy I 7.7 


Mikado, Golden Jubilee, Halehaven, South-Haven, Elberta, Salberta, Frank, Early Elberta 
j. Preharvest Sprays * 


14 

(Parts Per Million) 
40 

27.4 

Not thinned enough 

10.3 

11 

20 

29.9 

Not thinned enough 

10.6 

12 

10 

32.7 

Not thinned enough 

10.8 

14 

5 

37.4 

Not thinned enough 

14.2 

15 1 

No spray I 

2 . Controls 

36.1 1 

Set too heavy | 

12.5 


harvest sprays (NA) would seem to be that they may either reduce or 
stimulate fruit setting depending on the time when the application is 
made in relation to flower development, more specifically to polli- 
nation and fertilization. When used on peaches (mixed varieties) at 
the period when flowers were 75 to 100 per cent open the set was 
reduced, but when applied after 2 days of good pollination weather 
(Elberta) it was probably increased. 

Note should be taken here of the interesting fact that when pre- 
harvest sprays at 30 ppm were applied during warm weather to young 
Jonathan and Winesap trees 7 to 9 days after full bloom there was a 
striking reduction in fruit set: Jonathan, controls — 42.5 per cent 
flower clusters set, sprayed — 9.5 per cent set; Winesap, controls — 
19.2 per cent set, sprayed — 7.9 per cent set (3). This would seem 
to indicate a very marked sensitivity of flowers during sexual repro- 
duction and early stage of embryo development to naphthaleneacetic 
acid and possibly other synthetic plant growth substances. It might 
be at least one of the reasons for the erratic results that one frequently 
obtains when growth substances are used to stimulate fruit setting. 
The timing of application of “hormone’^ sprays to flowers, for the pur- 
pose of thinning the crop, seemingly must be just as close as when 
Elgetol is used, if not more so. 
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Phosphorus Deficknq^ of Peach Trees in the 
Sandhills Area of North Carolina^ 

By Otto Veerhoff, North Carolina Agricultural Experiment 
Station, Raleigh, N, C, 

S EVERAL studies of the growth and composition of peach trees in 
nutrient cultures have provided information concerning the ef- 
fects of sub-optimal concentrations of phosphate in the substrate (1, 
2, 3, 12, 13). However, studies with orchard grown trees have usual- 
ly not revealed phosphorus deficiency nor response to application of 
phosphate (8, 11). The present report provides what is apparently 
the first description of acute phosphorus deficiency in a bearing peach 
orchard. Growth measurements, foliar symptoms, leaf phosphorus 
contents, and yields of trees receiving no phosphate fertilizer are 
compared with those of trees receiving the customary amount of 
phosphate applied to orchards in the Sandhills area. 

Procedure 

Trees of the Elberta variety having 12- to 18-inch tops were 
planted in December, 1940, on land cleared the previous spring from 
open woods of the typical longleaf pine and scrub-oak association of 
the southeastern Sandhills. Half of the peach trees were on roots of 
“Carolina Natural”, which had been the customary rootstock of peach 
trees of this area. The remaining trees were on seedlings of Shalil 
(P. 1. 63850), a nematode resistant rootstock. The two sets of trees 
were interplanted, three trees on Shalil rootstock and three on Nat- 
ural rootstock being in each row. Since similar responses to phos- 
phorus deficiency wxre found for trees on both rootstocks, the trees 
are considered as one uniform lot, thus providing six trees in each 
of the five replications for each treatment. 

The soil in this experiment was a yellowish sand underlain with 
sandy clay at about 4 feet. This type of soil, which is classified as 
Norfolk sand, is found in the majority of the commercial peach or- 
chards of North Carolina. The virgin soil is very low in fertility, both 
mineral nutrients and organic matter being at low levels, and the 
total base exchange capacity is often less than three milli-equivalents 
per 100 grams. Samples of top soil from the plots that had never 
received phosphate fertilizer, when extracted with twentieth normal 
hydrochoric acid, showed less than 5 pounds per acre of available 
P2O5. The amount in the subsoil was still lower. The soil, which has 
never been limed, has shown no important change in acidity since the 
land was cleared. The pH ranged from 5.0 to 5.4. Soil moisture at 
field capacity is about 6 per cent and at 2 per cent wilting occurs. 

^Contribution from the Department of Horticulture, North Carolina Experi- 
ment Station. Published with the approval of the Director as Paper No. 256 of 
the Journal Series. 

Analyses of leaves were made by Miss Eleanor Gibbs with the guidance of 
Dr. Ivan D. Jones of the North Carolina Experiment Station. The author also 
gratefully adoiowledges many soil analyses performed by the North Carolina 
Soil Testing Laboratory, under the direction of Dr. Ivan E. Miles. 

209 



210 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


Despite the apparently unfavorable characteristics of such a soil, 
applications of commercial fertilizers enable it to support many suc- 
cessful orchards. 

Two mixed fertilizers were used in this experiment, a ^‘complete^' 
fertilizer for treatment A and a ‘‘minus P*' fertilizer for treatment B. 
The latter, which had an 8-0-8 analysis, was prepared by mixing 
crystalline urea, nitrate of soda, nitrate of potash, sulfate of magnesia, 
and gypsum, 'Fhe complete fertilizer for treatment A was prepared 
with the same materials except that ammonium phosphate replaced 
the urea as the source of ammonium nitrogen so that the N-P 206 “- 
K 2 O analysis >vas 8-16 -8. Roth fertilizers contained 2 per cent MgO, 
8 per cent CaO, and 7 per cent sulfur. 

Trees in treatment A received 1 pound of the 8-16-8 fertilizer 
during each of the first three years, 1.5 pounds in the fourth year and 
3 pounds during each of the last two years. Additional nitrogen was 
applied at the rate of ^/lo pound of nitrogen per tree the first growing 
season and increased by V 10 pound each succeeding year. Fertiliza- 
tion of treatment H was the same as that for treatment A, except that 
the 8-0-8 fertilizer was used instead of the 8-16-8. 

Results 

Tree Growth : — During the first year the growth of trees in the 
two treatments appeared to be similar. However, measurements of 
the trunks showed there was a significant difiference between treat- 
ments in respect to increase in cross-sectional area. The average 
increase for treatment B was only 57 per cent of that for treatment A 
(Table I). 


TABLE T — CoMPAKisoNS of Growth of Trunks of Elberta Peach 
Trees at the Sandtui.t.s' Research Orchard, Eagle Springs, N. C.f 


Fertilizer 

Treatment 

Annual 

Increase 

in Trunk 

Cross-Sectional Area (Square Inches) 

1941 

! 

1942 

1943 

1944 

1945 

1940 

1940 to 
1947 

A, complete 

B, minus P 

0 27 
0.14 

2 27 

1 20 

2 90 

1 33 

2 00 
1.22 

2 24 
0.65 

2.31 

0 06 

12 92 

5.23 

Difference (A- B) 

B as per cent A 

0 13* 
57 

1 07** 
53 

1.57** 

46 

1.68** 

42 

L.'iO** 
29 

1.65** 

29 

7.69** 

40 


tStatistical analyses of this and following tables, were made by the Institute of Statistics of the 
University of North Carolina. 

*Sij?nificant at the 5 per cent level. 

♦^Significant at the 1 pei cent level. 


For each of the following years the difference between treatments 
in respect to annual increase in trunk size was highly significant. The 
relative differences became larger each year. During the fifth year 
the average increase in trunk size for treatment B was only 29 per 
cent of that for treatment A. At the end of the six years the average 
cross-sectional areas of trunks of treatment A w'as 12.92 square 
inches, whereas the average for treatment B was only 5.23 square 
inches. The trees of treatment A when 3 years old had an average 
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cross s^tional trunk area of 5.47 square inches, thus being larger in 
trunk size than the 6-year-old trees of treatment B. 

Top growth was similarly restricted in the a])sence of phosphate 
fertilizer. By the end of their fifth growing season, the average spread 
of the branches of the trees in treatment B was less than one-quarter 
of that for the other treatment. The difference is illustrated in Fig. 1. 



Fig. 1. Normal and phosphorus deficient trees at the Sandhills research or- 
chard, Eagle Springs, North Carolina, August, 1945. Trees on the left 
show the normal growth made in the plots receiving the complete treat- 
ment (8-16-^} fertilizer). The stunted trees on the right are the same age 
but are in one of the minus P plots (8-0-8 fertilizer). Inferior growth of 
the summer cover crop in the minus P plots is also evident. Foreground 
shows cut-over woods similar to that cleared in 1940 for the orchard. 

All wood removed from the trees after their fourth, fifth, and sixth 
growing seasons, was weighed soon after the pruning. The average 
weights of prunings in Table II are for the “new wood” removed, that 
is, only those portions of the pruned wood which wTre formed that 
season were included. The average value for treatment B was only 
one-quarter that for treatment A. 

Length and weight measurements made of samples of terminals 
produced during 1944 and 1946 showed that the omission of phos- 
phate resulted in formation of terminals that were shorter and lighter 
in weight. The average shoot of trees in treatment B w^as only half as 
long and one-third as heavy as that for treatment A (Table II). The 
short length of the terminals in treatment B was very noticeable and 
gave the trees a ''stubby“ habit of growth similar to that of very old 
trees. 

In 1944 an average of eight flower buds per terminal was found in 
samples from treatment A but only two per terminal for trees of 
treatment B. In that year fewer flower buds were produced in the 
absence of phosphate not only because the growth of terminals was 
restricted but also because a higher proportion of the nodes carried 
only vegetative buds or no buds at all. In 1946 nodes carrying no 
buds were found in large numbers in both treatments. 
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TABLE II — Comparisons of Growth and Flower Bud Production 
OF Elberta Peach Trees 



Terminal Shoot Averag^it 




Pertilizer 

Treat- 

ment 

Length 

(Inches) 

Weight (Grams) 

Flower Buds 
(No) 

(Fresh i 

Teight of Wood in Pounds) 


1944 

1946 

1944 

1046 

1944 

1946 

1944 

1946 

1946 

Total 

A, complete 

B. minus P 

19.9.5 

10.26 

21.65 

10.45 

11.92 

4.16 

15.36 

5.42 

7.96 

2.02 

15.58 

8.36 

9.86 

2.98 

6.14 

0.90 

3.84 

1.02 

19.84 

4.90 

Difference 

B as per 
cent of A 

9.69^* 

52 

i 

! 11.20** 

1 48 

7.76** 

35 

9.94** 

35 

6.94** 

25 

7.22** 

54 

6.88** 

40 

6.24** 

15 

2.82** 

27 

14,94** 

26 


tAverages of 10 samples from five replications. 
♦♦Significant at the 1 per cent level. 


foliar Symptoms : — Some foliar symptoms suggestive of a phos- 
phate deficiency were evident in treatment B during the latter part of 
the second summer. However, striking differences between the foliage 
in the two treatments were not apparent until the third year. As the 
summer of that year progressed, the leaves of treatment B became 
bronzed or tanned in appearance and developed a leathery texture. 
Later in the fall the undersides of leaves that were more exposed to 
the sun showed a distinct reddening of the veins and interveinal areas. 
As the trees became older, this red coloring was observed earlier in 
the season and was more intense. The petioles were often abnormally 
red with much of the surface of the young branches similarly colored. 
The dentation at the edge of the leaves became a dark crimson to 
form a narrow, distinct margin that was most evident when the leaves 
were viewed edgewise. 

This development of a bronzed condition of the foliage of treat- 
ment B is similar to that described for phosphorus deficiency of peach 
trees in nutrient cultures (1, 2, 3, 11, 12). The leathery texture of the 
leaves has also been noted for trees deprived of phosphate (13, 10). 
The red coloration of leaves, petioles, and branches which was ob- 
served in the present experiment is the characteristic response of 
many kinds of plants to i)hosphate deficiency. 

The shape and size of most of the leaves in treatment B appeared 
to be normal. No long, narrow leaves were observed similar to those 
described for trees in phosphate deficient cultures (1, 2, 3, 12). No 
increase in leaf size as reported by others (10, 13) was observed in 
this experiment. Although visual comparisons indicated no difference 
between treatments witli respect to size of the leaves formed early in 
the summer, those from treatment B were 9 per cent smaller on the 
basis of fresh weights. However, leaves which developed late in the 
season in treatment B were unusually small, the last few leaves on a 
terminal often being less than half normal size. Reduction in leaf size 
due to phosphate deficiency has been reported for peach trees by Wal- 
lace (11) and Hoagland and Chandler (5). 

Terminal growth of shoots ceased 3 to 6 weeks earlier than normaL 
in treatment B. Near the tips of the shoots the leaves were separated 
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by such very short internodes as to appear to be arranged in a whorl. 
The older leaves fell in August, leaving the branches bare except for 
tufts of these small leaves. These small leaves at the end of a branch 
were posed perpendicular to its axis in a manner similar to that de- 
scribed by Brown (1). 

Leaj Phosphorus : — Analyses for leaf phosphorus content, by a 
method similar to that of Koenig and Johnson (6), were made of 
samples collected at different time during each growing season after 
the first year. Leaves at api)roximately the thirteenth node from the 
base were selected for sampling. This selection, by providing material 
of about the same degree of maturity, permits the use of data in Tal)le 
III not only for comparisons of the effect of treatment, but also for 
comparisons of the concentration of phosphorus in the leaves at dif- 
ferent times in the season. 


TABLE III — Phosphorus Concentrations tn Elberta Peach Leaves 


Fertilizer 

Treatment 

Month 

Leaf Phosphorus (Per Cent of Dry Weight) 

Mg P 
Per 
Leaft 

1942 

1943 

! 

1944 

1945 

1946 

Average 

A, complete 

May 





0.205 

0.216 

0.224 

0.215 

0.486 

B, minus P 

May 

— 

— 

0 160 

0.173 

0.143 

0.159 

0.327 

Difference (A-B) 

— 

— 

— - 

0.045** 

0.043** 

0.081** 

0.050** 

0.159** 

B as per cent of A . 

— 

— 

— 

78 

80 

64 

74 

— 

A, complete . . . 

Jul 

0.143 

0.149 

0.149 

0.157 

0.127 

0 145 

0.463 

B, minus P . . 

Jul 

0 114 

0.127 

0 104 

0 118 

0.092 

0 111 

0.330 

Difference (A-B) 


0.029** 

0 022*^ 

0 045** 

0.039** 

0.035** 

0.034** 

0 133** 

B as per cent of A . 

— 

80 

85 

70 

75 

72 

77 

— 

A, complete . 

Aug 

0.121 

0.119 

0 113 

0 142 

0.115 

0.122 

0.485 

B, minus P 

Aug 

0.089 

0.080 

0,089 

0 119 

0 094 

0.095 

0 364 

Difference (A-B) 


0 032** 

0.032** 

0 024** 

0.023** 

0 021** 

0.027** 

0.121** 

B as per cent of A . . 

— 

74 

72 

79 

84 

82 

78 

— 

Average of A +B . 

May 





0.182 

0.193 

0.184 

0.186 

0 406 

Average of A -fB 

Jul 

0.129 

0.138 

0.127 

0.137 

0.110 

0.128 

0.396 

Average of A +B 

Aug 

0.105 

0.103 

0 101 

0 130 

0 105 

0 109 

0.424 


t Average of all years listed. 
♦♦Significant at tne 1 per cent level. 


Leaves from treatment B had significantly lower concentrations of 
phosphorus than leaves from treatment A on every sampling date. 
The average reduction in percentage of leaf phosphorus was .056 per 
cent in May samples, .034 per cent in July samples and .027 in Au- 
gust samples. However, the relative decreases in phosphorus concen- 
trations were practically the same regardless of season (Table III). 
As the trees grew older it might be expected that the effect of lack of 
phosphate would become increasingly evident in the leaf analyses, but, 
the differences between values for treatments A and B indicate no 
consistent trend through the five years studied. 

The average July value for treatment B, 0.11 per cent, is the same 
as that found by Cullinan, Scott, and Waugh (2) and by Brown (1) 
for phosphate deficient trees in nutrient cultures. This low value was 
found in the present experiment in July, 1942, although visual symp- 
toms of phosphate deficiency were not evident in the leaves until later 
that year. 
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The concentration of phosphorus in the dry matter of the leaves 
showed a significant decrease from May to July for both treatments. 
The decrease from July to August was also statistically significant 
for treatment A each year, but decreases in treatment B did not 
occur during 1945 or 1946. Lilleland and Brown (8) found a signifi- 
cant decrease in the percentages of phosphorus in the dry matter of 
peach leaves from orchard trees from spring to early summer but only 
a slight decrease during the summer. 

When values in Table III were calculated in terms of milligrams 
of phosphorus per leaf, the decrease in concentration of leaf phos- 
phorus with advancing season was found to be mainly a result of 
increased dry matter content of the leaves. The actual amounts of 
phosphorus per leaf showed no consistent change with advancing 
season. The average amount of phosphorus per leaf from treatment 
A was 0.47 milligrams as against 0.34 milligrams for treatment B. 

Fruit Yields and Quality: — No fruit was harvested from these 
trees until they were 5 years old. Freezing temperatures in 1943 de- 
stroyed all of the fruit, and a frost in 1944 killed most of the flowers. 
No serious cold damage occurred in cither 1945 or 1946 and rainfall 
was favorable for growth of fruit. Yields for each of these years are 
compared in Table IV. Size, which was determined mechanically by 
weight (4), is expressed in the customary manner of minimum di- 
ameter. Fruit from treatment A that fell in the large size, “over 
inches”, had an average weight of .37 pounds and fruit listed as 
“under 2 inches” had an average weight of .17 pounds. The fruit 
from treatment B was flattened laterally, the cheeks of the peach 
failing to enlarge normally. This compressed shape would have placed 
more of the peaches from treatment B in the small size classes if 
grading had been done by the customary method of minimum di- 
ameters rather than on the basis of weight. 


TABLE IV — Comparison or Ytfxds, Size and Color of Peaches 



Yield Per Tree j 

Size of Fiuit 

Color of Skin 

Fertilizer 

Treatment 

Weight (Lbs) 

No. of Fruit 

Per Cent Over 
2H Inches 

Per Cent Under 
2 Inches 

(Per Cent of 
Surface Red) 


11M5 

1946 

1945 

1946 

1945 

1946 

1945 

1946 

1945 

1946 

A, complete 

B, minus P 
Decrease (A-B) 
Increase (B-A) 

32.1 

12 5 
19.G** 

68.2 

12.0 

56.2** 

109 

49 

50** 

228 

46 

182** 

21.2 

4.6 

16.6** 

31.5 

10.0 

21 6** 

3.0 

27.6 

24 .6** 

6.9 

23.9 

17.0** 

48 

74 

26** 

30 

66 

33t 


♦♦Significant at the 1 per cent level. 

fNot analyzed statistically. Estimate of color was made on a composite sample from all repli- 
cations. 


Fruit from treatment B was significantly smaller both in respect to 
average fruit weight, which was 22 per cent less than that for treat- 
ment A, and on the basis of percentage of fruit falling into the dif- 
ferent size classes (Table IV). The percentage of peaches in the large 
grade, (over 2^2 inches) was reduced with the omission of phosphate 
from the fertilizer, and the percentage of peaches in the small grade 
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was greatly increased. One-fourth of the fruit from treatment B was 
too small for commercial use as compared with about one-twentieth 
of the fruit from treatment A. 

In 1945 trees of treatment B produced only half as many fruit as 
trees of treatment A and in 1946 they produced only one-fifth as 
many fruit as the latter. In these tw'O years treatment B produced 24.5 
pounds per tree, whereas the trees receiving phosphate in the fertili- 
zer averaged 100.3 pounds of fruit. In the second year of bearing, 
treatment A produced twice as much fruit as it did the first bearing 
year, but yields of treatment B showed no increase. 

Fruit of the phosphate deficient trees colored earlier than normal 
and visual estimates made in 1945 indicated that 26 per cent more of 
the skin area was covered with red color. This color was not that 
normally seen in Elbertas but a more bluish hue. Hoagland and 
Chandler (5) found earlier ripening and higher fruit color for 
peaches grown without phosphate. The trees in the present experi- 
ment also appeared to ripen fruit earlier. The texture and flavor of 
the fruit was not like that of ripe peaches and they were so unpleasant 
in taste that they were considered inedible. Longitudinal cracks that 
often penetrated halfway through the flesh were frequent on these 
peaches and many were disfigured by gumming. 

Response of Other Plants : — ^The effects of phosphate deficiency 
were evident in the annuals growing in the plots of treatment B (see 
Fig. 1). Cover crops of rye, oats, and barley were very small and 
their leaves were a dark reddish color that was most pronounced soon 
after sprouting. Crahgrass made inferior growth with reddish leaves 
which assumed a violet color at the time the seeds were maturing. 
Crotalaria spectahilis was also stunted, the leaves being darker than 
normal with an olive green color. Corn showed the characteristic 
symptoms of phosphate deficiency at an early stage of growth and 
some plants tasseled when only 18 inches tall. Tomato leaves also had 
the purple coloration typical of this deficiency. 

The omission of phosphate from the fertilizer applied to treatment 
B resulted in reduced growth of the cover crops and thus less organic 
matter was returned to the soil of these plots. However, after six 
years of the experiment only 0.12 per cent less organic matter was 
found in topsoil from the no phosphate plots than was found in top- 
soil from treatment A. 


Discussion 

This experiment indicates that the complete omission of phosphate 
from the fertilizers applied to peach trees on virgin soil of the Sand- 
hills area results in the development of acute phosphorus deficiency. 
Milder forms of this deficiency have been observed in young com- 
mercial orchards of this area where the trees were on newly cleared 
land and had received only nitrogenous fertilizer. Symptoms of phos- 
phorus deficiency were not seen in bearing orchards. This is probably 
due to the customary use of complete fertilizers. These older orchards 
probably have sufficient phosphate since various experiments in this 
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area have consistently failed to show a beneficial response to applica- 
tions of additional phosphate. 

The results of the present experiment should not be interpreted as 
evidence that phosphate applications should be increased for orchards 
of this area, but rather that complete fertilizer may be preferable to 
one containing no phosphate for young orchards on newly cleared 
land. Since the nitrogen requirement of a peach tree in this area is 
very high, at least 1 pound annually, and since the complete fertilizers 
commonly used in the Sandhills have carried two units of phosphate 
for each unit of nitrogen, it is evident that during the life of an 
orchard considerable amounts of phosphate may be applied to the soil. 
In many orchards a major portion of the phosphate applied may be 
unnecessary for the nutrition of the trees and uneconomical for the 
grower. 

The probable magnitude of the phosphate requirement of peach 
trees in this area is indicated by the response of the border row of 
the experimental orchard to phosphate that was broadcast prior to 
planting the trees. Less than .10 pound of PoOjs per tree was applied 
in this manner, but this was sufficient to permit normal tree growth 
for 4 years. A decline in growth was evident by the time the trees were 
5 years of age. However, even in the fifth and sixth years the effect 
of this one application of phosphate was still evident. These trees pro- 
duced two and a half times as many fruit as treatment B and were 
only 30 per cent less productive than treatment A. The total phos- 
phate applied during the six years of the experiment was equivalent 
to l.S pounds of r 205 per tree in treatment A, and to 0.1 pound per 
tree of the border row. 

The effectiveness of small amounts of phosphate in Sandhills 
orchards on newly cleared land is also shown by the study of Scott 
(10). In that experiment trees receiving a minus-phovsphate fertilizer 
failed to develop severe symptoms of phosphate deficiency and did not 
show any serious reduction in vigor. However, the minus-phosphate 
fertilizer contained some cottonseed meal. This nitrogen carrier has 
recently been found to supply a considerable amount of the phosphate 
required by strawberries on newly cleared land (9). Probably the use 
of cottonseed meal fertilizer would also delay the development of 
phosphorus deficiency in peach trees. The amount of phosphate an- 
nually supplied in this manner by Scott’s fertilizer was equivalent to 
less than 0.05 pound of PoOr, per tree, yet the trees produced 88 per 
cent as much fruit as those given a complete fertilizer supplying 0.40 
pounds of P2O5. 

In the light of the foregoing considerations it would appear that the 
customary applications of phosphate at the rate of approximately 1 
pound of P2O5 per tree annually is much in excess of the amounts 
necessary for peach trees in the Sandhills area. Smoothed graphs of 
data from the present work and the South Carolina experiment (10) 
indicated that 0.1 pound of P 2 O 5 per year was sufficient for a tree 
in this area during its first six years of grow'th. As the ^‘border-line” of 
adequate phosphate supply is approached the decrease in fruit size 
probably will indicate the deficiency more clearly than the decrease in 
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number of fruit (see Table IV). Leaf analyses may also serve in deter- 
ing whether this element is an important limiting factor. In this ex- 
periment values as low as 0.09 per cent phosphorus for the dry matter 
of late summer leaves were associated with a serious shortage of phos- 
phate in the tree. 

Summary 

Elberta peach trees that were set on newly cleared land and had 
received no phosphate fertilizer have developed acute symptoms of 
phosphorus deficiency. 

At the end of the first year, trunks of trees receiving an 8-0-8 
fertilizer were significantly smaller than those of trees receiving an 
8-16-8 fertilizer. The depressing effect of insufficient phosphate upon 
growth of trunks and extension of branches became more pronounced 
each growing season. The trees when 6 years of age had not attained 
the size of 3-year-old trees receiving complete fertilizer. 

Fruit production in the fifth and sixth years was reduced 75 per 
cent. The quality of the fruit was also inferior, being small and un- 
pleasing in flavor and appearance. 

Foliage was dark green, becoming bronzed in late summer with 
reddened veins and petioles. Defoliation was premature, only the 
small terminal leaves remaining in September. 

Dried samples of leaves averaged 0.10 per cent phosphorus during 
the summer, as compared with 0.13 per cent P for samples from trees 
receiving complete fertilizer. 

Very small amounts of phosphate fertilizer were effective in reduc- 
ing the intensity of the phosphorus deficiency. The customary use 
of complete fertilizers probably supplies phosphate in excess of the 
requirements of the peach trees in the Sandhills. 
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Influence of High, Medium, and Low Soil Moisture on 
Growth and Alkaloid Content of Cinchona Ledgeriana 

By Arnaud J. Loustalot, Harold F. Winters, and Norman 
F. Childers, U. S. Department of Agriculture, 
Mayagucs, P. R. 

Abstract 

This material will be published in full in Plant Physiology. 

S eedlings of Chtchona ledgeriana were grown in greenhouse cham- 
bers under high-, medium-, and low-soil-moisture conditions at 
Mayaguez, Puerto Rico. The temperature was automatically con- 
trolled and the humidity w'as maintained relatively high. Leaves of 
seedlings grown under high-soil-moisture conditions developed ne- 
crotic spots between the veins and many of them eventually yellowed 
and abscissed. This disorder, which resembles magnesium deficiency 
or manganese toxicity in other plants, has been commonly observed 
in the station field plantings at Toro Negro National Forest, Puerto 
Rico. Seedlings grown under low-soil-moisture conditions were sig- 
nificantly shorter with a lower top-root ratio and less fresh and dry 
weight, but a higher percentage dry matter than seedlings grown 
under either medium- or high-soil-moisture conditions. Total alkaloid 
and quinine sulfate in roots of seedlings grown in medium and high 
soil moisture were significantly higher than those in roots of seedlings 
grown in low soil moisture. Percentages of ash, calcium, and mag- 
nesium wTre highest in plants grown in low soil moisture and lowest 
in plants grown in high soil moisture. The nitrogen, phosphorus, and 
potassium contents, however, were significantly the least in plants 
grown in low soil moisture. 



Blossom Bud Differentiation and Embryo Development 
in Prunus Mahaleb 

By Albert H. Tillson, U. S. Department of Agriculture, 
Glenn Dale, M d, 

T he Mahaleb cherry {Prunus Mahaleh L.) exhibits strain differ- 
ences great enough to suggest effects on edible cherries grafted on 
it (2, 3). The frequence of self-unfruitfulness (3) and of low seed 
yields in this species warrants study of its pollination processes, if 
elite strains of seedlings are to be produced. As a part of this study, 
investigation of blossom initiation and development has been under- 
taken. Since circumstances preclude completion of this phase of the 
study, the present paper sets forth the results obtained, which seem 
to establish a norm, though they do not reveal the possible variations. 

I^ateral buds were collected at intervals during the growing seasons 
of the years 1939 to 1942 and in 1946 from the various lots of Mahaleb 
cherries grown at the United States Plant Introduction Garden, 
Glenn Dale, Maryland. The collections used in 1939 to 1942 were 
from commercial ‘^American Mahaleb”; those of 1946 were from the 
'‘Dutch” and "Russian” lines reported by Joley (3). Through each 
series, collections were made from the same trees. 

Table I gives the dates of initiation of the various floral organs for 
the seasons during which this study was in progress. In the following 
discussion the dates given are for the 1940-1941 season. 


TABLE I — Blossom Bud Differentiation of Prunus Mahaleb L. 


Initiation of floj al bud 
Initiation of sepal primordia 
Initiation of petal primordia 
Initiation of stamen pnmoidia 
Initiation of carpel primordia 
SporoKcnous cells in anther . 
Pollen mother cells 
Carpel edges touching 
Initiation of ovule 
Tetrads present 
Pollen present 

Integuments inclose nucellus 
Megaspores present 
Embryo sac 8-nucleate . 
Anthesis , . 


1939-40 

1940-41 

1941 42 

1946-47 

Spurs 

Long 

Twigs 

Russian 

Dutch 

— 

Sep 5 
Sep 5 
Oct 9 
Oct 9 
Oct 16 
Feb 20 
Mar 

Apr 9 
Apr 16 
Apr 26 
Apr 29 
May 1 
May 0 
May 7 
May 10 

Jul 29 
Sep 3 
Sep 3 
Sep 16 
Sep 16 
Oct 28 
Nov 4 
Apr 3 
Apr 9 
Apr 14 
Apr 14- 
Apr 16 
Apr 16 
Apr 19 
Apr 21 

Aug 20 

— 

Jul 31 


Sep 22 
Oct 14 
Nov 10 
Jan 5 
Mar 24 
Apr 11 
Apr 11 
Api 11 
Apr 11 
Apr 11 
Api 11 

Apr 29 


Sep 5 

Sep 19 
Oct 2 
Nov 20 



Oct 9 

Sep 5 
Oct 14 
Nov 20 






Apr 16 
Apt 23 
Apr 29 
May ] 
May 1 
May 7 





In buds collected on July 29 the increased height of the apical meri- 
stem gives the first evidence of transition from the vegetative to the 
floral type of apex. The lateral protuberances from the base of the 
floral apex which appear at this time are the first of six floral bud 
primordia formed in each winter bud. During the following month the 
apex continues to grow in length and breadth and additional floral bud 
primordia are initiated in acropetal succession (Fig. 1, 1). By August 
12 a subtending bract has developed from each of the basal primordia. 
The earliest indication of the formation of sepal primordia is in buds 
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collected September 3. At this time the five sepal primordia appear as 
slight elevated masses at the outermost rim of the flower bud primor- 
dium (Fig. 1, 2). One week later an inner petal whorl of five pro- 
tuberances arises, alternating with the sepals (Fig. 1, 3). After the 
initiation of the sepals the continuing cell division in and adjacent to 
the sepal bases results in the increased length and width of the sepals. 
This growth is at first in a horizontal direction, but soon a vertical 
curvature develops, and the sepals and petals are found attached at 
the top of a tube, which Brooks (1) has shown to be floral and not 
toral in origin in the almond. 

About the middle of September, in rapid succession three whorls of 
stamens appear on the base of the floral tube. The first whorl differ- 
entiates opposite the calyx lobes, the second opposite the petal lobes, 
and finally a whorl of 10 stamen primordia arises alternating with the 
lobes of the perianth. At this time also appears the first indication of 
carpel initiation. The carpel begins by the rounding up of the apex 
into a convex surface with the highest point, which becomes the dorsal 
side, slightly off center. Growth of the apex continues vertically from 
the dorsal edge and in two ridges running toward the ventral side, so 
that there results a slope from the top of the dorsal side to the bottom 
of the ventral side, with the dorsal margin tending to become perpen- 
dicular (Fig. 1, 4), By early December the structure, as seen in cross 
section, has assumed the shape of a horse shoe, the edges of which 
later are to unite to form the ventral suture. 

The sporogenous tissue of the anther is first apparent by the end of 
October as a layer of more deeply staining, densely cytoplasmic cells. 
During the first week in November the sporogenous tissue differen- 
tiates into pollen mother cells (Fig. 1, 5). At this time several sweet 
and sour cherry varieties (Schmidt’s Bigarreau, Seneca, and Mont- 
morency) growing at the station were examined and found to have 
pollen mother cells in a stage of development slightly more advanced 
than those of the Mahalebs. In this condition the buds pass the winter 
with little change except for the very slow growth in size of the various 
floral organs. 

During the latter part of March the pollen mother cells and their 
nuclei enlarge greatly (Fig. 1, 6). About April 14 the final stages in 
the formation of pollen follow one another in rapid succession. In a 
single floral bud may be found pollen mother cells, tetrads, and pollen. 
Meanwhile there has been a more rapid swelling of the winter buds 
and elongation of the floral axes until, with a final surge of growth, 
about April 14 they burst open the bud scales. 

Meanwhile about the first of April the ventral edges of the carpel 
come together to form the locule. The pistil now enlarges considerably 
and about April 9 the two ovules originate as protuberances from the 
ventral margins near the base of the carpel (Fig. 1,7). Differentiation 
of the ovules progresses rapidly. Five days after its initiation the ovule 
tip commences to turn upward toward the style (Fig. 1,8), and the 
beginning of the single integument may be seen as a ring of tissue pro- 
jecting from the base of the ovule (Fig. 1, 9). Two days later the 
integument almost completely incloses the nucellus (Fig. 1, 10) and 
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megaspores are present. Growth in the base of the ovary wall gradual- 
ly elevates the two anatropous ovules so that their point of attachment 
is about half way to the top of the locule, with their micropyles point- 
ing toward the style. On April 19, 10 days after ovule differentiation 
was first evident and 2 days before anthesis, mature 8-nucleate embiyo 
sacs are present in the ovules. Pollen grains were mature 7 days prior 
to anthesis. 

During the spring of 1942 a preliminary investigation of embryo 
development was made. For this study Mahaleb pistils which had 
been pollinated with pollen from other lots of Mahaleb seedlings were 
collected at intervals. Fertilization was found to occur about 48 hours 
after pollination, and the second ovule begins to disintegrate. One day 
later the zygote and degenerating synergids may be seen at the micro- 
pylar end of the embryo sac. The primary endosperm nucleus begins 
to divide before that of the zygote, and the daughter nuclei move to the 
periphery where they continue to divide rapidly without wall forma- 
tion in the thin layer of cytoplasm lining the embryo sac. Meanwhile 
the embryo sac enlarges greatly, especially in length. 

Three days after fertilization (assuming that fertilization takes 
place 2 days after pollination) the young embryo, now about 26 mi- 
crons long, may be seen with its basal end attached to the nucellus at 
the micropylar end of the embryo sac (Fig. 1, 11). Aborted embryos 
become evident at this time, distinguishable from normal embryos by 
the shrunken, plasmolysed appearance of their cells and different re- 
action to stains. Of 13 embryos examined at this stage, 3 were aborted. 
No evidence of embryo abortion at a later period was found. 

The 6-day embryo has increased to 52 microns in length and. the 
endosperm is still coenocytic (Fig. 1, 12). The 10-day embryo is still 
spherical in shape and about 90 microns in diameter (Fig. 1, 13). 
About this time the endosperm nuclei become separated by walls. 
Fourteen days after fertilization the embryo, now a heart-shaped 
structure about 360 microns long in which vascular differentiation has 
begun, is surrounded by a layer of cellular endosperm only a few cells 
thick at the sides but forming a thick fleshy cap opposite the well- 
developed cotyledons (Fig. 1, 14 and 15). The endosperm never com- 
pletely fills the ovule, but gradually differentiates toward the chalaza 
as its inner surface is absorbed by the growing embryo. The mature 
seed is without endosperm. The 18-day embryo is 516 microns long. 
About this time the plumule differentiates and the embryo enters a 
period of very rapid growth. One ovule was found with well-developed 
endosperm but no trace of an embryo. Thirty days after fertilization 
the embryo, about 5.5 millimeters long, completely fills the ovule Fig. 
1, 16). The endosperm, except for a small amount in the space around 
the hypocotyl, has disappeared, and the nucellar tissue has been almost 
completely absorbed. The cells of the integument are rapidly becoming 
compressed into a papery layer. In one fruit it was found that both 
ovules had developed mature embryos. Fifteen days later the seed is 
mature. 

A study of the data given in Table I reveals that there is consider- 
able variation in the time of differentiation. During the 1939-1940 
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Fig. 1. (1) Longitudinal section of bud (August 12, 1940) showing initiation 
of floral priniordia, X50. (2) Initiation of sepals in the basal blossom 
primordium (September 3, 1940). Each blossom primordium has a sub- 
tending bract, X50. (3) Initiation of petals (September 9, 1940), x50. 

(4) Early stages of stamen and carpel formation (October 14, 1940), X50. 

(5) Transverse section of anthers (December 9, 1940) showing pollen 
mother cells, X228. (6) Pollen mother cells (April 14, 1941) just prior to 
reduction-division, x228. (7) Transverse section of carpel (April 10, 
1941) showing the origin of the two ovules from the ventral margins, 
which are not yet closely united, X93. (8) Longitudinal section of carpel 
(April 14, 1941) showing growth of ovule and origin of the integument, 
X93. (9) Later stage in ovule development (April 15, 1941), X93. (10) 
Ovule almost entirely inclosed by integuments (April 16, 1941), x93. 
(11) Embryo 5 days after pollination, X228. (12) Embryo 8 days after 
pollination, X93; nuclei of coenocytic endosperm may be seen. (13) Em- 
bryo 12 days after pollination, X93. (14) Embryo 16 days after pollination, 
showing early stage of cotyledon development, X50. (15) Embryo 16 days 
after pollination showing cellular endosperm, X8.4. (16) Embryo 32 days 
after pollination, showing the hypocotyl and the plumule between the two 
thick cotyledons, X5.6. 
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season, buds on spurs differentiated floral parts 5 to 10 days ahead of 
buds on long twigs. Position on the tree did not appear to be a factor. 
Transition from the vegetative to the floral type of apex was first 
apparent in late July in 1940 and 1946, but in 1939 and 1941 differen- 
tiation was delayed until the latter part of August, In the *‘early'^ sea- 
sons the buds went into the winter with pollen mother cells already 
differentiated, a condition which various w^orkers have shown to be 
common in cherries, while in the “late'' seasons pollen mother cells 
were not apparent until March. A more rapid differentiation in early 
spring almost made up for the delay in development during the pre- 
ceding fall. During the autumn of 1946 a comparison as to stage of 
differentiation was made between seedlings originating from Russia 
and those from Holland. Buds from the Russian seedlings, which 
Joley (3) had found to be more vigorous than the Dutch seedlings 
growing in close proximity, were about 1 month ahead of the Dutch 
seedlings. These variations would seem to warrant a further inquiry 
into the effect of such factors as weather conditions, soil moisture, 
nutrient level, vigor and parentage of trees on the floral bud develop- 
ment of Mahaleb seedlings. 
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Stone Cells in Vaccinium^ 

By J. A. Yarbrough, Meredith College, Raleigh, N. C. and 
E, B. Morrow, North Carolina State College, Raleigh, N, C, 

T he occurrence of stone cells in the flesh of the huckleberry (Gay- 
lussacia resinosa Torr. & Gray) was recorded by Winton (12) 
in 1902. Later in treating the fruits of the Ericaceae, Winton (13) 
describes and figures these cells for Gaylussacia but in referring to 
the mesocarp of Vaccinium says: ‘‘mesocarp of thin- walled cells, some 
sclerenchymatized but not, as in huckleberry, stone cells”. Winton 
(12) also recognized a layer of sclerenchymatous cells forming the 
endocarp in both of these genera as well as in the red and black 
currants. Eames and McDaniels (5) refer to stone cells as being 
present in the flesh of the fruit of Gaylussacia but do not mention 
Vaccinium in this connection. 

Observations by the authors in the summer of 1946 indicated wide- 
spread occurrence of stone cells in the flesh of horticultural varieties 
of Vaccinium ashei. Since scant notice has been paid this character in 
recent horticultural literature on blueberries, it seemed desirable to 
compare V. ashei with other species. Collections were therefore made 
of the following additional species : V, altomontanum, V, constablaei , 
V, tenellum, and V, australe (horticultural varieties Rubel and Dixi). 

Methods 

Freehand sections of mature fruit preserved in F.A.A. were treated 
with phloroglucin and HCl (Sass, 10) to determine presence and 
distribution of lignified cells. Fruit samples were also run into par- 
affin, sections made at 20p and stained in crystal violet and erythrosin 
(Johansen, 9). Drawings were made with a camera lucida. 

Observations 

The outer epidermis of these fruits consists of a single cell layer with- 
out stomata as Eames and McDaniels (5) indicate. In the epidermis, 
as in the several-layered hypodermis lying beneath, there is a dark 
purple pigment giving color to the fruit (Fig 1, A and Fig. 2). In 
most varieties examined no pigment was present beneath the hypo- 
dermis. Notably, however, the two varieties of Vaccinium australe 
(Rubel and Dixi) showed pigment throughout the entire fleshy peri- 
carp. 

In all varieties studied the endocarp consists of a single layer of 
stone cells which are fitted together very tightly (Fig. 1, A and B), 
and constitutes a lining of the five compound locules. The individual 
cells of this layer are seen to be much smaller and more elongated 
than the stone cells lying in the flesh of the mesocarp (compare Fig. 
1, B, C and D). They present, however, the same fundamental struc- 
ture with strongly lignified walls and many simple pits. 

The stone cells of the fleshy mesocarp vary somewhat in shape and 

^Contribution from the Department of Horticulture, North Carolina Agricul- 
tural Experiment Station. Published with the approval of the Director as Paper 
No. 263 of the Journal Series. 
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Fig. 1. A, Transverse section of mature fruit of Black Giant ^Faccimum 
ashei) ep + hy, epidermis and hypodermis; me, mesocarp; en, endocarp; 
loc, locule; s, seed; sc, stone cells; vb, vascular bundles, X8. B, A group 
of cells comprising the endocarp showing grouping and wall pits as seen in 
optical section, x21S. C and D, Stone cells of the mesocarp as seen m 
optical section. X21S. 
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size but are larger than those comprising the endocarp. They have a 
relatively smooth and rounded surface without arms or lateral exten- 
sions. When abundant, they may be found in small groups in the 
mesocarp yet are often seen to occur singly. This is particularly true 
when they are less abundant as in Dixi and Rubel varieties. In those 
varieties with most numerous stone cells they may appear to be con- 
centrated in a zone around the locules, although there appear all 
gradations from this condition to that of only a few such cells which 
usually appear nearer the epidermis. 

As indicated above, a considerable variation in abundance of stone 
cells was seen in the varieties and species examined. It was noticeable 
that in varieties of Vaccimum ashei these cells were moderately to 
very abundant; F. tcncllum showed moderately abundant stone cells 
and these were mostly of a larger type; and V. constahlaei and F. 
austraic, on the other hand, showed a very low incidence of stone 
cells. The number in Rubel and Dixi (horticultural varieties of F. 
austraic) were lowest of all. Selections from progenies of F. ashei by 
F. constahlaei showed variation from abundant to very sparsely scat- 
tered stone cells. It is significant that of the above varieties and species, 
those with abundant stone cells also exhibited the character of “gritti- 
ness^' in a more pronounced fashion and were generally less palatable 
than those containing few stone cells. This would indicate that stone 
cells may be the prime factor in causing grittiness in Vaccinium fruit. 

Seeds in each locule vary much in size and number (Fig. 2). They 
are covered by a layer of heavily lignified cells, as others have de- 
scribed (Winton, Fames, and McDaniels), and are a second factor 
contributing to the grittiness of the fruit. 

A third structure which may be related to this character, however, 
is the enlarged, woody placenta (Fig. 2) which in some varieties may 
be more than twice the size of the largest seeds. Darrow and Camp 

(4) note this structure as contributing to an unappetizing quality of 
cooked fruit in several species. This placental tissue is sharply con- 
trasted with adjoining tissitc of the fruit by its dark color even in 
untreated sections. These woody placental “knobs’" easily break off in 
sectioning the ripe fruit. Affinity for safranin and crystal violet stains 
indicate their lignified character. This placental specialization was 
seen in all varieties examined but varied significantly in size. Varie- 
ties of Vaccinium ashei had woody knobs with diameters nearly twice 
those of similar structures in F. austraic (Rubel and Dixi). Since 
those fruits with large placental knobs were generally smaller in size, 
it would appear that this structure as well as relative abundance of 
stone cells, and seed number and size, contributes materially to the 
grittiness of such fruits. 

'Discussion 

As indicated by structure and lignin reaction, it is clear that true 
stone cells occur in the fleshy mesocarp of the varieties of Vaccinium 
spp. examined. While these cells do not occur in such abundance as in 
Gaylussacia (Winton, 12) or in the pear (Crist and Batjer, 3), they 
correspond to stone cell types as described by Fames and McDaniels 

(5) . From the figures in Winton’s paper and the authors’ observa- 
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Fig. 2. Transverse section of mature fruit of Myers (Vaccinium ashci), 
ep + hy. epidermis and hypodermis; me, mesocarp; en, endocarp; loc, 
locule ; pla, placenta (lignified “knob”) ; vb, vascular bundle ; s, seeds, 
X7.5. 

tions, it appears that the difference in the lignified cells in the nieso- 
carp of Gaylussacia and those of Vaccinium is one of quantity or 
abundance rather than one of quality or structural type. The lower 
incidence of such stone cells and thus of less grittiness in Vaccinium 
spp. would suggest one reason for the greater horticultural potentiali- 
ties of these plants as contrasted with Gaylussacia. 

The wide specific variation found in stone cell concentration sug- 
gests the usefulness of this character in species and perhaps even 
varietal distinctions. The authors’ studies point to the possibility of 
using stone cell abundance as further evidence that the diploid Vac- 
cinium tenellum has entered into the make-up of the hexaploid V. 
ashei (Rabbiteye) as held by Camp (2). Camp has considered the 
presence of glandular-tipped hairs on the lower surface of the leaves 
of both V. tenellum and V. ashei as an important criterion for estab- 
lishing such a relationship. More extensive sampling of stone cell fre- 
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quency in the diploid, tetraploid, and hexaploid species from widely 
separated geographic areas would be highly valuable in the inter- 
pretation of interspecific relationships. 

Since wide variation in the number of stone cells occurred in seed- 
lings of Vaccinium ashei x V, constablaei, it would appear that this 
character should be given some emphasis in experimental breeding 
work. It seems possible to obtain horticultural varieties from crosses 
between forms of the above species which would combine the many 
other good qualities of these two species with freedom from stone 
cells. Experiments are now under way by the junior author which 
are planned to explore these possibilities. 

Recent interest in the ontogeny of stone cells and other sclereids in 
vegetative organs by Foster (7, 8), Sterling (11), Bloch (1), and 
others suggests the need for developmental studies of the stone cells 
in Vaccinium and in related Gaylussacia. The sequence of maturation 
of stone cells in these genera with respect to development of the 
endocarp presents an interesting problem. Eames and McDaniels (5) 
state that the endocarp layer in Gaylussacia is already present at an 
early stage in the ovary and that maturation of this tissue as well as 
the flesh of the mesocarp does not involve cell divisions beyond the 
ovary stage. 

Although, according to Engler and Prantl (6), placental enlarge- 
ment is characteristic of the fruits of many Ericaceae, the hard, woody 
quality of this tissue in the material examined presents a problem in 
developmental anatomy. Studies now begun by the senior author are 
designed to describe the developmental history of stone cells and of 
endocarp and placental tissue in species of Vaccinium and Gaylussacia. 
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Effect of Syrup Density on the Flavor Rating 
of Canned Peaches 

By L. O. Van Blaricom, South Carolina Experiment Station, 
Clemson, S. C, 

S INCE 1941 the Horticultural Products Research Laboratory of the 
South Carolina Experiment Station has been conducting experi- 
mental canned packs of a large number of peach varieties. 

In judging the canned samples, a score of 25 per cent has been al- 
lowed for the factor of flavor. However, the judging of flavor has 
never been entirely satisfactory, and the factor of sweetness has in- 
fluenced the scoring of flavor considerably. 

Fig. 1 shows the syrup content in degrees Brix plotted against the 
flavor rating of 38 varieties of peaches. Each point represents the 
average judging score of 12 people. The position of the line was de- 
termined by the least-squares method of calculating a straight line 
trend. As the chart shows, when the syrup content becomes greater, 
flavor rating is higher. 


FLAVOR 

RATING 



16 17 18 19 20 21 22 23 

SYRUP CUTOUT - DEGREES BRIX 

Fig. 1. Correlation of flavor and syrup in thirty-eight varieties 
of canned freestone peaches. 

Since the data for Fig. 1 were taken from scores on 38 different 
varieties which varied greatly in their fruit characters, a control test 
on flavor as influenced by syrup density was planned. Samples of El- 
berta peaches were used with all factors uniform except the density of 
the syrup used. The densities of the syrups used in the test were 0, 
10, 25, 40 and 55 per cent. The “cutout” density is shown in Fig. 2. 
Twenty students were used to judge the samples with the caution that 
they consider flavor only. Before they had finished judging, the stu- 
dents realized there were large differences in sweetness, but they 
were cautioned to grade on flavor only. Fig. 2 shows the results, and 
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SYRUP CUTOUT - DEGREES BRIX 

Fig. 2. Correlation of flavor and syrup in canned Elberta peaches. 

again there was a decided increase in flavor rating with an increase in 
sugar content up to 20 or 25 per cent. 

There are probably two reasons for this increased flavor rating with 
higher sugar content. First, the high concentrations of sugar preserve 
the flavor better than the lower concentrations, and second, but prob- 
ably the more important, higher sugar content influences the taster to 
give a higher flavor rating because of the greater sweetness rather 
than because of improved flavor. 

These graphs indicate that if canned peaches or other fruits are to 
be judged on flavor, then the sugar content must be regulated care- 
fully so that all samples are uniform. 





Breeding For Earliness In Vine Crops 

By A. F. Yeager, New Hampshire Agricultural 
Experiment Station, Durham, N, H, 

T he inherent earliness of a crop is the result of the interaction of 
many genes. It is not a unit character. Increased earliness can 
therefore be best obtained by a careful study of the plant and by 
separating the factors, if possible, which make for earliness. We may 
then add one of those to an already desirable early variety lacking in 
that particular characteristic. 

In muskmelons, our ordinary varieties, even the earliest, are either 
monecious or andromonecious which results in the plant first produc- 
ing a large number of staminate flowers during the first weeks of its 
growth and not producing a pistillate or perfect flower until the plant 
lengthens and branches. It is on these side l)ranches that perfect or 
pistillate flowers are formed. Since it is impossible for a plant to set 
fruit until such blossoms do appear, the plant for this reason must 
grow to a considerable size before it begins fruiting. If the very first 
flowers which are normally staminate were perfect blossoms and 
capable of setting fruit, the plant obviously might set its fruit much 
earlier in the season and therefore mature it earlier than those fruits 
which are produced from blossoms formed later in the season. 

Among the United States Department of Agriculture foreign musk- 
melon plant introductions was one which the writer procured under 
the number 236-B, which has perfect flowers. This muskmelon, while 
early, has fruits which are nearly inedible. They are thin, white- 
fleshed, slender, extremely soft and acid. Crosses were made between 
this variety and a high quality standard early sort with the object of 
adding perfect flowers to it. Selections have been made pi succeeding 
years which, while they do not have real market quality, set their fruit 
extremely early and ripen them early in the season. There seems to 
be little question but that eventually it will be possible to bring together 
the factors which make for extreme earliiiess in ordinary high quality 
muskmelon varieties and the perfect flower characteristics derived 
from 236--B. This should give mature muskmelons in less time from 
j)lanting than has been possible up to this time. 

In breeding for earliness in .squashes ( Cucurbita maxima) we have 
taken a somewhat similar approach. The Buttercup variety, which 
possesses high quality and considerable carliness but which is of the 
normal long vining type, was crossed with Zapolita, a plant introduc- 
tion of the same species, which has poor cooking quality but which 
produces pistillate flowers and sets fruit at the crown instead of 5 to 
10 feet out on long vines. Recombining the desirable characteristics 
of these two varieties has resulted in what we call the Bush Buttercup 
squash. This has high quality, a shape and size somewhat similar to 
the Buttercup, and the plants set one to three fruits within a foot of 
the ground. During the time that these fruits are developing, the plant 
has the appearance of a bush summer squash. Later in the season it 
may produce long vines which also set fruits. It is not, therefore, 
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Strictly a bush variety; nevertheless, this early pistillate blooming 
characteristic does cause the plants to set their fruits earlier, to ripen 
them earlier and thus we have a variety which will give us high quality 
squash that will ripen and produce seed north of the White Mountains 
in New Hampshire where the average growing season is about a 
hundred days. Continued breeding is being done in the direction of 
small, high quality blue squashes by crossing Bush Buttercup with 
Blue Hubbard. 

At present, selections in the F-4 generation are of two fruit types : 
one a small Blue Hubbard, the other a flat blue squash without the 
turban which characterizes Buttercup. Such varieties should have 
value at least in the home gardens, where space is a factor and extra 
earliness desirable. 

A technique used in our squash breeding which saves labor is the 
use of terminal soft wood cuttings from field selected plants which, 
treated with hormones, will root in a few days in a cutting bench. 

By using such cuttings we need not self-pollinate plants in the field. 
We merely propagate them asexually, set the rooted plants in the 
greenhouse, and self them there. 

Cuttings made September first will produce ripe squash before Janu- 
ary first, and since we may have several plants from each field selec- 
tion, selfing is simplified and selfed seed secured in great abundance. 



Progress Report on Chemical Weed Control 
in Blueberry Fields 

By W, W. Smith, A. R. Hodgdon, and Russell Eggert, 
University of New Hampshire, Durham, N. H. 

H arvesting the fruit of the wild low-bush blueberry (Vaccinium 
angustifolium Ait. and V. lamarckii Camp) has become an im- 
portant horticultural industry in New Hampshire. Profitable produc- 
tion in the low-bush blueberry field is maintained by control of weeds 
and by pruning the blueberry plants. Pruning is accomplished by 
burning the area over once in three years. Eradicating the weed plants 
is more difficult. Such weed plants as white pine and juniper bushes 
are eliminated by the burning. But, weed plants such as hardback 
(spiraea foment osa), and sweet fern (Comptonia percgrina) and 
lambkill or sheep laurel (Kalmia augustifolia) are not killed by the 
fire, but are even invigorated. These weeds may be controlled by con- 
tinuous cutting in July, but this is an expensive process and takes 
several years. If a herbicide could be applied that would kill the weeds 
without injuring the blueberry plant, it would make possible the re- 
claiming of good blueberry fields that are now hopelessly covered 
with weeds. It would prevent the abandoning of blueberry fields such 
as is taking place every year because of the prevalence of weeds. It 
would also make possible the establishing of profitable blueberry fields 
in new areas where the weeds and blueberries are developing together. 

In 1942, weed control plots were established in blueberry fields that 
had been abandoned because of the abundance of various weed plants. 
Asa part of this weed control project, certain plots were treated with 
chemicals. In the areas infested with sheep laurel, lime was applied in 
the hope that raising the pH of the soil would make it unsuitable to 
the sheep laurel and still be acid enough for the blueberries. Applica- 
tions of 1,000 and 2,000 pounds per acre were made, but to date, there 
seems to be no effect whatsoever upon the blueberries or the sheep 
laurel. 

Boron has been suggested as an economical herbicide and recent 
investigations indicate that it has a place in weed control (1, 7). 

Borax, Na2 B4 O7 10 (HuO) was broadcast in September at vary- 
ing rates from >4 to 2 pounds per 100 square feet, with no effect on 
the blueberry plants. 


TABLE I — Effect of Borax (Granular) on Blueberry Weeds 


Date 

Pounds Per 
100 Sq Ft 

Name of Weed 

Apparent 

Effect 

Recovery 

Tun 17. 1943. . 

1 

Sweet Fern 

Injured 

Complete 

,ful 15. 1944 

3 

Sweet Fern 

Injured 

Complete 

Tun 17. 1943 

1 

Hardback 

Killed 

None 

Jul 16. 1944. 

2 

Hardback 

Killed 

None 

Tun 17, 1943 . . . 

1 

Sbeep Laurel 

Injured 

Complete 

Tun 17, 1943 

1 

Huckleberry 

Defoliation 

Complete 

Tun 17, 1943.. 

1 

Bracken 

Injured 

Complete 

, ul 15. 1944 .... 

2 

Bracken 

Injured 

Complete 

Jun 17. 1943 

1 1 

Hay-scented Fern 

Injured 

Complete 
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r](j. 1. j wo sweet fern (Comptoma peregrina) plants at right killed 
will] 2,4-D spray, two at left untreated. 

Hliiebcrry plantvS in these ])lots were uninjured. Harclliack (Spiraea 
tomentosa) was killed with 1- or 2-pound applications. Other plants 
present were injured as indicated in Table I, but completely recovered 
the following spring. 

Ammonium sulfamate is technically a contact and translocation 
herbicide. In 1941 (6), it was found to be a more suitable herbicide 
than sodium chlorate for eradicating chokecherry. It is also excellent 
for poison ivy (12). 

A(|ueous solutions of ammonium sulfamate were sprayed on the 
blueberry plants as indicated in Table TI. 

Concentrations of 2 pounds of ammonium sulfamate per gallon 
killed sheep laurel. One pound or less per gallon injured this plant 


TABLE II — Effects of Ammonium Sulfamate Sprays on Blueberry 
Wefd Plants (1942) 


Date 

I^ounds 

Per Gal 

Weed 

Apparent 

Effect 

Recovery 

Aug 26 

H 

Sweet fern 

Killed 

None 

Aug 26 


Spiraea 

Killed 

None 

Aug 26 

% 

Hay-scented fern 

Injured 

Complete 

Aug 12 

*4 

Huckleberry 

Injured 

Complete 
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Fig. 2. Set of crowns of two sweet ferns (Comptonia peregrina) at right, 
killed with 2,4~D spray; plant at left is check. 


but did not eradicate it. Sweet fern and hardback were killed when 
sprayed with concentrations of pound ammonium sulfamate per 
gallon. Raspberries, hay-J5cented fern and huckleberries were injured 
but not killed at this concentration. 

It was noted within a week after treatment that all blueberry plants 
in these plots were severely injured. Plots were then treated with 
lower concentrations of ammonium sulfamate to determine suscepti- 
bility of the blueberry plant to this material (Table III). 


TABLE III — Low Bush Blueberry Sprayed with Ammonium 
Sulfamate (September 5, 1942) 


Concentration 

Pounds Per Gallon 

Apparently Killed 
(Per dent) 

Recovery 
by 1946 

1/32 

m 

Completely 

1/16 

75 

Mostly 

1/8 

90 

Partly 

1/4 

](K> 

Slightly 

1/2 

100 

None 


Ammonium sulfamate at concentrations as low as ^/s 2 pound per 
gallon was injurious to blueberry plants, and pound per gallon 
killed them. 

2,4-Dichlorophenoxyacetic acid when applied as an aqueous s])ray 
has been found to have differential herbicidal properties (10, 4, 5). 

Hamner and Tukey (5) found aqueous sprays of 2,4~D to be more 
effective on woody plants in warmer weather, and when leaves are 
fully expanded. Most plants sprayed in June were killed more quickly 
than when sprayed in April. 
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Mitchell and Brown (11) found 2,4-D more effective on the bean 
plant (Phaseolus vulgaris) when applied at the time of translocation 
of elaborated organic food materials, and indicate an association of 
movement of 2,4~D with translocation of organic food materials in 
this plant. 

Hodgdon (8) found the common buttercup (Ranunculus acris) 
more easily killed with ammate sprays when the plant was mature 
than at earlier stages, 

Marth and Davis (9) found sprays of 2,4-D were more effective 
when plants were at higher temperatures (75 to 90 degrees F). 

Plots containing weed plants and blueberry plants were sprayed 
with aqueous solutions of the 2,4-D acid and ammonium salt of 2,4~D 
in June and July when plants were mature and the weather warm, as 
indicated in Table IV. 


TABLE IV — Effects of 2,4-D Sprays on Blueberry and Associated 
Weeps (Applied June 27, 1945) 


Treatment 

Acid ( l.OOO ppm) , . 

Acid (1,000 ppm) 

Acid (l,(K)0 ppm) 

Ammonium salt (1,000 ppm) 
Ammonium bait (l.(KM) ppm) 
Ammonium .salt (1,000 ppm) 
Ammonium salt H.OOO ppm) 
Ammonium salt (I.IXK) ppm) 
Arnmouium salt (1,000 ppm) 


Weed 

Effect 

Bracken 

No injury 

Lycopodium 

No injury 

Blueberry j 

Killed 

Brakes 

Injured 

Maple 

No injury 

Wild strawberry 

No injury 

Wild raspberry 

No injury 

Blueberry 

Killed 

Spiraea 

Killed 


In these plots 2,4~D acid at l^OOO parts per million was ineffective 
on brakes and lycopodium but killed the blueberries. Ammonium salt 
of 2,4-D at 1,000 parts per million was ineffective on maple, wild 
strawberries and wild raspberries, but injured the brakes, and killed 
the blueberry and spiraea plants. 

Grigsby (3) reported raspberry plants uninjured by sprays of 2,4— 
D at 1,000 parts per million. In the article, “2,4-D Control for Woody 
Vegetation” (2) maple and sheep laurel are listed as plants difficult 
to control with 2,4-D. 

In another series of plots (Table V) in which sweet fern and blue- 
berries were present, sprays of the acid and the ammonium salt of 


TABLE V — Effect of 2,4-D Sprays on Sweet Fern (Comptonia 
Peregrina) (Applied June 27, 1945) 


Treatment 

Sweet Pern 

Blueberry 

Ammonium salt 1,000 ppm . 

Acid 1 IKK) ppm 

Weedone, recommended 

Killed 

Killed 

Killed 

Injured, dead 
Injured, dead 
Injured, recovered 


2,4-D at 1,000 i)arts per million killed the sweet fern and injured the 
blueberries to the extent that they were dead the following spring. 
Applications of “Weedone” applied as recommended killed the sweet 
fern and injured the blueberry plants, but the blueberry plants recov- 
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ered. Since the concentration of 2,4~dichlorophenoxyacetic acid in the 
Weedone used was lower than 1,000 parts per million, it suggested a 
less concentration of 2,4-D might not harm the bluelDerries and still 
kill some weeds. Consequently, in 1946 treatments as shown in Table 
VI were made. 

In 1946, plots were sprayed (see Table VI) with the ammonium 
salt of 2,4~D at 1,000, 500, and 333 parts per million. Sweet fern was 
killed in all plots. Blueberry plants were injured by the 1,000 parts 
per million spray, but were not injured by 500 or 333 parts per mil- 
lion spray. 


TABLE VI — Effect of 2,4-D Sprays on Sweet Fern (Comptonia 
Peregrina) at Lower Concentration (Applied June 14, 1946) 


Treatment 

Sweet Pern 

Blueberry 

Ammomum salt 1,000 ppm 

Killed 

Injured 

Ammonium salt 500 ppm . . ... 

Killed 

No injury 

Ammonium salt 333 ppm 

Killed 

No injury 


Summary 

1. At the concentrations used lime had no effect on the weed plant 
sheep laurel or on the blueberry plants, 

2. Ammonium sulfamate effectively killed some woody weed plants 
but was especially toxic to blueberry plants. 

3. Borax (granular) in the concent ratrons used temporarily in- 
jured several weed plants and killed hardback (Spiraea) without in- 
juring the blueberry plant. 

4. Sprays of the ammonium salt of 2,4-D and of 2,4~D acid at 
1,000 parts per million killed blueberry plants. 

5. Sprays of ammonium salt of 2,4—1) at 500 and at 333 [)arts per 
million killed sweet fern without injuring blueberry plants. 
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Breeding for Cold Hardiness of Strawberry Flowers 

By George M. Darrow and D. H. Scott, V. S. Plant 
Industry Station, Beltsville, Md, 

F or the past three years severe frosts at the time strawberry plants 
were in bloom have afforded an opportunity to observe differences 
in resistance to low temperatures. Three different frosts in 1947, with 
the third one exceptionally severe on May 10 when most varieties 
were in full bloom, showed outstanding differences in hardiness 
among varieties and seedlings. 

Table I shows the temperatures that prevailed at the critical periods 
in 1947. The minimum thermometer in the weather shelter was 5 
feet from the ground, and the ones at stations A, B, and C were 6 
inches from the ground. The May 10 freeze was so severe that flowers 
and buds were killed on commercial varieties under a light straw 
mulch of about 2 tons per acre. 


TABLE I — Temperatures Prevailing in the Strawberry Field at 
Beltsville, Maryland in 1947 at Critical Periods 


Station 


Dates of Freezes 


April 28 
(Degrees F) 

April 29 
(Degrees F) 

May 9 
(Degrees F) 

May 10 
(Degrees P) 

A 

23.0 

22.0 

22.5 

19 0 

B 

23.0 

22.0 

22.5 

18.5 

C 

23.5 

22 5 

23.0 

19.0 

Shelter . . 

27.0 

26.0 

20.0 

23.0 

Time at minimum in shelter (hours) 

2 

4 

2 

H 


In 1937 A. F. Yeager sent several selections of Fragaria virginiana 
from North Dakota, from which, after testing, two WTre saved. These 
selections had been made by him on the basis of winter hardiness and 
other plant qualities. At Beltsville they have shown three notable 
qualities : extreme earliness, many flower clusters per plant, and frost 
resistance of flowers. For example, on April 11, 1946, with a tem- 
perature of 23 degrees F in the thermograph shelter about 300 feet 
distant, the selection from Fairmont, North Dakota, (elevation 985 
feet) had no flowers injured out of many hundreds, and that from 
Sheldon, North Dakota, (elevation 1080 feet) had only 10 per cent of 
its flowers injured. 

Crosses were made of these two selections with Midland, and 460 
seedlings were put in the field in 1946. Each seedling was given a 
chance to mat in an 18-inch square of plants. All other records on 
varieties and selections were obtained from 12-foot or 24-foot matted- 
row plots. The flower counts were made on open flowers and were 
taken as soon as injury was visible to the unaided eye — usually about 
10 o’clock in the morning after the freeze. 

Table II shows the pronounced frost resistance of the two North 
Dakota Fragaria virginiana selections, especially of the Sheldon, in 
comparison with other F. virginiana selections and with varieties in 
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TABLE II — Resistance of Flowfjrs of Strawberry Varieties to Frosts 
AT Beltsville, Maryland, at Four Dates in 1947 



April 28 

(Degrees 23 F) | 

April 29 
(22 Degrees P) 

May 9 

(23 Degrees F) 

May 10 
(19 Degrees P) 

Vajeity 

Alive 

Dead 

Alive 

(Per 

(jent) 

Alive 

Dead 

Alive 

(Per 

Cent) 

Alive 

i 

Dead 

Alive 
(Per i 
Cient) 

Alive 

Dead 

Alive 

(Per 

(;cnt) 

Blakcniore 

3 

31 

9 

5 

35 

13 

2 

98 

2 

0 

100 

0 

Dorsett 

2 

11 

15 

0 

22 

0 

— 

— 

— 

— 

— 

— 

Suwannee . . , 

3 

35 

8 

7 

47 

13 

1 

99 

1 

1 

190 

0.5 

Midland 

17 

12 

59 

13 

42 

24 

0 

100 

0 

0 

200 

0 

Howard 17 













Plot 1 

12 

30 

29 

20 

69 

22 

15 

85 

15 

— - 

— 

— 

Plot 2 

23 

47 

33 

31 

45 

41 

26 

74 

26 

13 

187 

7.0 

Early Cheyenne 1 

15 

10 

60 

12 

30 

29 

43 

57 

43 

23 

177 

12.0 

Cheyenne 1206 . . . 

i 

— 

— 

141 

69 

71 

52 

48 

52 

69 

131 

36.0 

Cheyenne 1225 

! 51 

92 

36 

55 

152 

27 

16 

84 

16 

11 

189 

6.0 

Fragarta m^aht 

1 












Cheyenne A 36079 

53 

23 

70 

; 68 

47 

.59 

— 

— 

— 

— 

— 

— 

Pragaf ta vtrgtntana 


I 









81 

56.0 

Fairmont, N. D . 

151 

8 

95 

182 

12 

93 

79 

41 

06 

104 

Sheldon. N. D 

199 

0 

97 

247 

13 

95 

89 

11 

89 

104 

36 

82.0 

No 27 (N C ) 

— 

— 

— 

— 

— 

— 

30 

70 

30 

20 

130 

13.0 

v«ir ilUntJcnsts 













(La.) 

— 


- 

— 

__ 

— 

2 

98 

! 2 

19 

181 

10.0 


adjoining plots under the extreme conditions of May 10. A selection 
of ovalis from the Cheyenne, Wyoming, collection showed con- 
siderable hardiness for April 28 and 29, while selections from the 
Cheyenne breeding work (Early Cheyenne 1 and Cheyenne 1225 and 
1200) had some resistance. Howard 17 (Premier) is commonly re- 
garded as the most frost-resistant variety in the United States, and 
Havis (3) has recorded observations on its frost resistance in Ohio. 
C>)nfinnation of this quality in comparison with other varieties was 
obtained, as is shown in Table II, Iloward 17 had 78 flowers dead 
and 35 (31 per cent) alive following the 23 degrees F field tempera- 
ture, and 114 dead and 51 (31 per cent) alive following the 22 de- 
grees temperature; in contrast, Dorset! had 11 dead and 2 alive, and 
22 dead and 0 alive following the respective temperatures. 

The frost resistance of the seedlings from the crosses and of selected 
seedlings in the progenies is shown in Table III. As compared with 
the parent varieties, all of the seedlings blossomed early, so that most 
had a few flowers open on the April 28 date and some had many, as 
the counts indicate. Powers (4) has shown that in the Fragaria 
ovalis selections used as parents at Cheyenne, the early-blossoming 
habit was partially dominant, and apparently the same is true of the 
two F\ znrginiana selections used at Beltsville. 

The data in Table III show that in the April 28 reading flowers of 
seedlings (counted at random) were injured less severely than those 
of the susceptible parent, although there was considerable killing of 
the blossoms. Some seedlings selected for flower hardiness were as 
hardy as the hardy parents at each freeze. In the May 9 and 10 freezes, 
though only a few of the seedlings were as tender as the tender parent, 
there was a wide range in hardiness of the seedlings. Consequently it 
appears that the cold-hardiness of the two Fragaria virginiana selec- 
tipn$ is transmitted as a quantitative character. 
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TABLE III — Blossom and Flower Bud Hardiness of Strawberry 
Seedlings to Frosts at Beltsville, Maryland, ( 1947 ) 



23 Degrees F 
(April 28) 

22 Degrees F 
(April 29) 

i 

19 Degrees F 
(May 10) 

Flower 

Bud 

Hardiness 

No. Cions 

Flowers 

Per Cent 

Alive 

No. Cions 

Flowers 

Per Cent 

Alive 

c 

o 

6 

0 

Flowers 

Per Cent 

Ahve 

May 13 

Alive 

Dead 

Alive 

Dead 

Alive 

Dead 

■ No. Cions 

t _ 

j Grade* 


Secdltitgs 


Fragaria virginiana 
Sheldon X Midland . . 

28 

693 

256 

73 





1 




28 

4 96 

Sheldon X Midland . . 
Fragaria vtrgintana 

10* 

133 

59 

69 

— 

— 

— 

— 


— 

— 

— 

10 

4 6 

Fairmont X Midland . 

28 

518 

205 

72 

— 

— 

— — 

— 

, 


— 


28 

5 0 

Fairmont X Midland 

28 

322 

122 

73 

— 

— 

— 

— 

— 

— 

— 

— I 

28 

4.71 

Fairmont X Midland . 

38 

470 

187 

72 

1 

— 

— 

- — 



1 

— 


38 

4.84 


V artel tes 


Fragaria vtrginiana 
Sheldon 

10 

199 

6 

97 

10 

247 

13! 

9.’> 

10 

164 

30 

82 

10 

Fairmont 

lol 

151 

8 

95 

10 

182 

121 

94 

10 

104l 

81 

56 

10 

Midland 

101 

17 

12 

59 

10 

3 

23i 

12 

10 

oi 

200i 

0 

19 


SeedUng Selections 


Fragarta vtrgintana 
Sheldon X Midland 















102-12 

1 

10 

0 

100 

1 

18 

4 

82 

— 


— 


1 1 

4 0 

102- 13 

1 

60 

10 

85 

1 

00 

26 

70 

- ... 

— 


— 

1 

4 0 

102-15 

— 

105 

7 

93 

1 

279 

50 

85 

1 

113 

57 

72 

1 

7 0 

102-17 

1 

145 

23 

86 

1 

319 

49 

87 

I 

92 

108 

46 

1 

0 0 

103-8 

1 

23 

2 

92 

1 

39 

6 

87 

1 

115 

41 

74 

1 

70 

Fragarta vtrgtntana 
Fairmont X Midland 















106-3 . . ' 

— 

21 

4 

84 

— 

93 

16 

85 

— 


— 

— 

1 

5 0 

106-15 

— 

20 

5! 

80 

— 

76 

11 

84 


j 

_ . 

. — 

1 


106-23 

— 

25 

0 

100 

— 

126 

17 

88 

— 

— 1 

— 


1 

0 0 

106-26 

— 

23 

2 

92 

— J 

89 

21 

81 

— 

— 

1 

— 

1 

6.0 

107-16 . 

— 

20 

4 

83 


72 

8 

90 


— ' 



I 

6 0 

107 35 

' 

24 

1 

96 

, in 

38 

6 

86 

— 

.11 

mi. 

m 

1 

6 0 


♦Grades were as follows: 1 «0 flowers alive, 2 had 1 to 20 per cent alive, 3 had 21 to 40 per cent 
alive, 4 had 41 to 60 per cent alive, 5 had 61 to 80 per cent alive, 6 had 81 to 90 per cent alive, 7 
had 91 to 100 per cent alive. 


All seedlings were rated for flower and bud hardiness on May 13, 
after many buds had opened following the frosts of May 9, 10, and 11, 
and the results are recorded in Table IV. An adjacent cross, E. 
Roosevelt x. Massey, was also rated. A few of its seedlings had a 
fair number of uninjured open flowers. Among the hardy crosses a 
large number had most of their flowers uninjured, and there were 
many hardy seedlings from which to select. 

The berry size of the seedlings ranged up to half the size of Mid- 
land, though most were much smaller. Very few had fruit as small as 
the wild parent. Nearly all the berries were soft, though not so soft 
as those of crosses of Fragaria ovalis x Gold Dollar in Oregon. A few 
were fairly firm. The flavor of the fruit was good to excellent, many 
having a delightful aroma. The pistillate seedlings were generally 
productive, but those having stamens in their flowers ranged from 
almost completely sterile plants to productive ones. 

Practically all plants were very vigorous. Though some seemed 
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TABLE IV — Flower and Bud Hardiness of Strawberry Seedlings 
AND Varieties on May 13, 1947 (Following 19 Degrees F Tempera- 
ture ON May 10) 



Per Cent Live Flowers and Number Seedlings in Each Class 

Average 


0 

1-20 

21-40 

41-60 

61-80 

! 

8 

91-100 

Total 

Per Cent 
Flowers 


No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

Alive 


Seedlings 


E. Roosevelt X Massey . . 
Fragarta virgtniana 

Sheldon X Midland 

55 

23 

15 

2 

— 

— 

— 

95 

8.0 

0 

2 

26 

68 

87 

45 

4 

232 

62.0 

Fairmont X Midland . . . 

0 

1 

31 

Vartet 

65 1 

tes 

74 

65 

7 

243 

64.0 

Midland 

14 

5 i 

— 1 

— i 

— 



— 1 

19 

2.6 

Suwannee. 


17 

— 1 

— 

— 

— 

— 

28 

6.1 

Fragarta vtrgtniana 

Sneldon , . 






— 

_ 

_ 

10 



95.0 

Fairmont 

— 

~ 

— , 

— 

— 

10 


— 

85.0 


susceptible to leaf spot, leaf scorch, and a few to mildew, it is probable 
that more time than is usual for varieties is required for general 
infection by these diseases. Runners were produced freely. Some flow- 
ered a little in the fall, as is characteristic of many seedlings from 
crosses of Fragaria ovalis (those selected at high elevations, at least). 

Hansen (2) reported on breeding for hardiness in South Dakota. 
He raised some 8,000 seedlings of hardy wild crossed with cultivated 
varieties, which were exposed to winter temperatures of —40 degrees 
without covering, and the selected seedlings were propagated. 
Selections fully hardy at Brookings, South Dakota, were backcrossed 
to varieties and hardy seedlings were selected from the resulting 
populations. These % wild were still small, but had fruit up to 1 inch 
in diameter. 

Georgeson (1) used selections of Fragaria ovalis (F. platypetala) , 
w^hich thrives where temperatures go to —70 degrees F, from Fair- 
banks, Alaska, in breeding and succeeded in obtaining selections hardy 
at Fairbanks. 

Summary 

Selections of the meadow strawberry, Fragaria virginiana, show' 
great differences in flower and bud hardiness to frost, some being far 
more hardy than any cultivated varieties. Selections having frost- 
resistant flowers, when crossed with the cultivated^variety Midland, 
transmitted frost resistance in a high degree to their seedlings. 
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The Influence of Temperature on the Photoperiodic 
Response of Several Strawberry Varieties Grown 
Under Controlled Environment Conditions 

By H. T. Hartmann, University of California, Davis, Calif. 

I N the strawberry districts of the coastal fruit sections just south of 
San Francisco some of the highest known strawberry yields have 
been reported (6). This is due to the fact that in this region the straw- 
berry has not only the usual spring crop but additional harvest periods 
throughout the summer and fall. Excluding the true everbearing types, 
the strawberry is considered to be a short-day plant, its fruit-lnids 
being differentiated during the short days of fall and winter (3). With 
the advent of the long days of summer the reproductive state is re- 
placed by the vegetative condition as evidenced by runner production 
in most varieties. In the previously mentioned section of California, 
the days become long enough (15 hours in June) to cause initiation 
of runners. However, the environmental conditions are such that the 
differentiation of flower buds also continues which is followed by pro- 
duction of ripe fruits. The same varieties grown but one hundred miles 
to the east in the Sacramento and San Joatiuin valleys of California 
bear only the usual spring crop. The day -length conditions in the 
coastal sections and interior vfilley sections are the same but the tem- 
peratures during the summer are very different. An average tempera- 
ture of 62.7 degrees F (1) is found in the Watsonville area on the 
coast during July. In Sacramento in the interior valley the average 
temperature is 73.9 degrees F in July (1). 

Harrow (2) and Harrow and Walcfo (3) in studying the effects of 
photoperiod and temperature on the strawberry concluded that al- 
though the strawberry is a short-day plant, flower buds can be initiated 
during long days provided the temperature is low enough (60 degrees 
F or less). Their work w^as conducted under field and greenhouse 
conditions with a number of strawberry varieties and species. 

Methods and Results 

Strawberry plants were grown under controlled environmental con- 
ditions in equipment described in detail by Hartmann and McKinnon 
(4). This equipment consisted of a set of four environment-control 
cabinets which permitted the temperature to be maintained at desired 
levels by electric heaters and by refrigeration units, both thermostati- 
cally controlled. The plants were grown under banks of fluorescent 
lamps which maintained a light intensity of approximately 500 foot- 
candles at the level of the plants. The day-length conditions could be 
adjusted at will and were automatically maintained by a time switch 
operated by a synchronous electric motor. 

Four varieties were used in this investigation: Marshall, Mission- 
ary, Fairfax, and Blakemore. They were grown under long days (nor- 
mal day length plus supplementary incandescent illumination) for 
2J4 months in the greenhouse until the beginning of the test. The 
plants were grown in soil in gallon containers. On November 1, 1946, 
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six plwt$ dl each of the four varieties were placed under the following 
eonditions in the environment-control cabinets: (a) long days (15 
hours) at a constant temperature of 70 degrees F ; (b) long days (15 
hours) at a constant temperature of 60 degrees F ; (c) short days 
(10 hours) at a constant temperature of 70 degrees F ; and (e) short 
days at a constant temperature of 60 degrees F. Previous work (5) 
showed that floral initiation was similar in the strawberry whether 
the plants were grown under constant temperature or under the nor- 
mal daily fluctuating temperature. 

The plants maintained runner production for a short time after the 
beginning of the test treatment due to runner initials formed while the 
plants were under the long-day greenhouse conditions preceding the 
test. None of the plants produced any runners during the latter part of 
the test. 

On December 4 the first flowers were formed and counts of the 
number of plants bearing flower clusters were made at intervals until 
February 20. The results of the flower counts are given in Table I. 


TABLE I — Effect of Temperature on Flower Formation in the Straw- 
berry. Number of Plants Bearing Flower Clusters Out of a Total 
OF Six Plants per Treatment 



Marshall 

Missionary 

Fairfax 

Blakemore 

Date 

60 De- 
crees P 

70 De- 
Krees F 

1 60 De- 
grees F 

70 De- 
grees P 

60 De- 
grees F 

70 De- 
grees F j 

60 De- 
grees P 

70 De- 
grees P 


Dec 4 
Dec 23 

i an 14 
an 31 
'eb 20 


Plants Grown in Long Days (fj Hours) 


0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

6 

0 

2 

0 

0 

0 

0 

6 

0 

6 

0 

0 

0 

6 

6 

0 

6 

0 

3 

0 

6 


Plants Grown tn Short Days (lo Hours) 


Dec 4 . 

0 

0 

0 

0 

1 

0 

0 

0 

Dec 23 

0 

0 

2 

0 

1 

0 

0 

0 

Jan 14. 

1 

3 

2 

1 

1 

0 

0 

6 

Jan 31 ... . 

5 

4 

3 

3 

1 

0 

6 

6 

Feb 20 

6 

6 

6 

4 

3 

0 

6 

6 


Discussion 

All the varieties formed flowers when the temperature was main- 
tained at 60 degrees F even though they were under long-day condi- 
tions. No flowers were formed by any of the four varieties under long- 
day conditions at a temperature of 70 degrees F. The plants held under 
short days initiated flowers at about the same rate at both 60 and 70 
degrees F. The Fairfax variety, however, under short days failed to 
form flowers except at the lower temperature. These results would 
indicate that a reduction in temperature may be just as important in 
inducing flower formation in the strawberry as a short daily light 
period. 

These results agree in general with the findings of Darrow (2) and 
Darrow and Waldo (3) that at low temperatures flower buds may 
form in the strawberry under long daily light periods. 
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White it was expected that runner production would occur in the 
plants under the 70 degrees-15 hour day-length treatment, this failed 
to take place. These plants were under the test conditions for almost 
4 months which is enough time for runners to be initiated and to be- 
come macroscopically visible. 

It would seem reasonable to conclude that the summer production 
of strawberry fruits in the coastal fruit sections south of San Francisco 
is probably due to the low mean temperature during the summer 
months which causes floral initiation in spite of the long days. 
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Quality Comparisons of Strawberry Varieties as Affected 
by Processing with the Freezing Method^ 

By A. Lee Schrader, University of Maryland, College Park, 
Md,, and D. H. Scott, U, S, Department of Agriculture, 
Beltsville, Md, 

T he evaluation of newer strawberry varieties and promising new 
seedlings in regard to their relative merits when preserved in the 
frozen state deserves attention annually. As several investigators have 
pointed out, it is not safe to assume that a variety with a high quality 
in the fresh state will naturally make a high quality frozen product, 
nor should one disregard the effects of seasonal growing conditions, 
stage of maturity, or differences among the portions of the harvest in 
any one season. 

In this study attention was centered on varieties and selections that 
appeared useful for freezing, based on fresh eating quality, firmness 
of flesh, and red color of the flesh. Samples for this work were ob- 
tained through the cooperation of the United States Department of 
Agriculture from the extensivx^ test plantings at Beltsville, Maryland. 
I'he berries were grown in the same field under uniform conditions of 
culture that produced w'cll-grown plants of each variety. 

Methods 

Samples were carefully sorted on the same day of harvest to limit 
the material for preservation fmly to berries of uniform ripeness. 
After sorting, the removal of caps (stemming) was followed im- 
mediately by washing thoroughly in cold water and draining a few 
minutes. With many varieties, hand stemming with the aid of a paring 
knife was essential to remove hard stem portions attached to the core. 
In 1944, all slicing was done by hand, but in 1946 a motor-operated 
Tt)wnscnd .sheer cut the samples in a few seconds into inch slices 
which were immediately mixed with dry sugar to the desired ratio. 
In 1944, sugar was used at a ratio of three parts of berries to one of 
sugar, whereas in 1946 the ratio was changed to four to one to avoid 
excessive sweetness. Packing was done in small enamel-lined cans, 
known as “mushroom'’ cans, which were completely filled before 
closing, leaving no air space at the top. Freezing was accomplished in 
a freezing chamber with circulating air at —20 degrees to —25 degrees 
F and the frozen material was stored at 0 degrees F. 

The samples after the storage period were judged in a thawed 
condition and scored for color, texture, and flavor, allowing 10 points 
maximum for each factor, or a total of 30 points for a perfect sample. 

'Scientific Publication No. A 162. Contribution No. 2057 of the Maryland 
Agricultural Experiment Station (Department of Horticulture). 

Grateful acknowledgment is made to Dr. G. M. Darrow of the United States 
Department of Agriculture for suggestions and assistance in judging the frozen 
materials. Also, the judging assistance of L. E. Scott and I. C. Haut of the 
University of Maryland and Mis.s Mary E. Kirkpatrick of the Bureau of Home 
Economics, United States Department of Agriculture, is hereby acknowledged. 
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After scoring, each judge was requested to vote on each sample as to 
whether or not it was acceptable to the consumer. 

1944 Pack : — In Table I, the varieties have been arranged in order 
of their respective total scores. The three outstanding varieties were 
Tennessee Shipper, Midland, and Tennessee Beauty although the 
latter variety scored low when frozen as a whole berry. Fairpeake, 
Redstar, Bristol, and Chesapeake all were rated low as sliced berries 


TABLE 'I — Relative Quality Rankings of Strawberry Varieties 
Processed by the Freezing Method and Held Ten Months at 0 De- 
grees F (1944 Pack) 


Vanety 

Parentage 

Sta^e 

Ripeness 

Average Score on: 

Total 

Scores 

Judges’ Vote 
on Consumer 
Acceptance 



Color 

Texture 

Flavor 


Yes 

? 

No 


Tenn. Shipper 
Midland . 
Tenn. Beauty 
Fairpeake 
Redstar. 
Bristol . . . . 
U.S.1463 . 

Chesapeake 


Midland . . 
Tenn Shipper 
U. S. 1453 . . 
Chesapeake . 

Bristol 

Fairpeake . . . 
Tenn. Beauty 


Sliced in Dry Sugar (j-/ Ratio) 


MXB 

Pull ripe 

9.3 

10.0 

9.3 

28.6 

3 

- 


RHXH17 

Very npe 

9.0 

7.3 

9.3 

25.6 

3 

- 

— 

MXH 17 

Pull ripe 

8.3 

6.3 

9.3 

23.9 

3 

— 

- 

FXC 

Pull ripe 

4.0 

7.3 

7.3 

18.6 

1 

_ 

2 

exF 

Pull ripe 

3.7 

6.3 

7.0 

17.0 


1 

2 

^X^)X(PXH17) 

Soft npe 
Very npe 

6.0 

7.7 

6.0 

1.1 

6.3 

5.3 

16.3 

14.1 


2 

1 

1 

2 

Unknown 

Soft ripe 

3.3 

3.7 

5.3 

12.3 


- 

3 

Whole 

Berrtes in . 

Dry Sugar ( 3-1 Ratio) 





R HXH 17 

Very npe 

10.0 

7.7 

9.7 

27.4 

3 



MXB 

Pull npe 

9.0 

10.0 

8.0 

27.0 

3 

— 

- 

KXF 

Very npe 

6.7 

5.7 

6,7 

19.1 

2 

1 


Unknown 

Soft npe 

5 7 

6.7 

6.7 

19.1 

1 

1 

1 

|C>^M)X(PXH 17) 

Soft ripe 
Full ripe 

6.3 

5.7 

6.0 

7.7 

6.7 

5.3 

19.0 

18.7 

2 

2 


1 

1 

MXH 17 

Pull ripe 

5.3 

6.0 

6.0 

17.3 

2 

- 

1 


and considered unacceptable to the consumer, but these varieties when 
frozen as whole berries improved in scores materially (except Fair- 
peake). In the sliced form, Fairpeake and Redstar exhibited a poor 
color of pale whitish pink; Chesapeake had the same poor color as 
well as too soft texture, and Bristol was poor in texture and flavor. 
Chesapeake would have appeared to better advantage if the berries 
had been harvested in a firm to full ripe condition instead of soft ripe 
as noted. Likewise, U. S. 1453, originally saved for its freezing possi- 
bilities, would have scored much higher if the berries had not been on 
the over-ripe side, and evidence for this statement is found in the 
results of 1946. Although total score was not used as a criterion for 
consumer acceptance, all samples that scored less than 20 in total 
points out of a possible 30 were voted either as not acceptable for the 
consumer or open to question. It can also be noted that a score of 
less than 5 for color, texture, or flavor was quite certain to place a 
variety as unacceptable. The results of this 1944 pack emphasized the 
importance of two factors, first the differences among varieties as to 
texture and color, and second, the necessity of having the berries of 
any given variety at the proper stage of maturity for freezing of that 
variety. 
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1946 Pack : — In Table II, a subdivision has been made to place the 
samples in four groups depending on the votes of the judges on con- 
sumer acceptance, and within each group the varieties are arranged 
in order of their total scores. A high total score of 20 or more was 


TABLE II — Rfxative Quality Rankings of Strawbersy Varieties 
Processed by the Freezing Method and Held for Five Months at 0 
Degrees F 


Variety 


Parentage 

Date 

of 

Stage 
of Ripe- 

Average Score on 

Total 

Har- 




Score 


vest 

ness 

Color 

Tex- 

ture 

Flav- 

or 



Junes’ Vote 
on Consumers 
Acceptance 


Yes ? 


No 


Group /• Unanimously Acceptable 


U. S. 2644* .. 

RHXB 

May 31 

Pull ripe 

9.7 

9.0 

8.8 

27.5 

6 

_ 


U. S. 2644. . 

R HXB 

May 31 

Full ripe 

9.0 

8.8 

9.2 

27.0 

« 

— 

- 

U. S 1453 . 

KXP 

Tun 7 

Pull npe 

92 

68 

8.4 

24 4 

6 

— 

— 

Tenn Beauty 

MXH 17 

Jun 10 

Full npe 

8.3 

68 

8.4 

23.5 

6 


- 

Suwannee 

MXH17 

Jun 3 

Full npe 

6.3 

7.5 

9.2 

23.0 

6 

— 

- 

Blakemore* . 

MXH 17 

May 29 

Firm npe 

7 5 

7.3 

8.2 

23.0 

6 

- 

_ 

Sierra 

Nick OhmerX 
Cal 177 21 

Jun 7 

Pull npe 

7.3 

6 3 

88 

22.4 

6 



Blakemore 

MXH 17 

May 29 

Firm npe 

6.2 

70 

7.0 

20.2 

6 

I ~ 

- 

Average 




7.9 

74 

8 5 

23.9 





Group II. Almost Unammously Acceptable 


Brightmore . 

B XOre. 154 

May 31 

Full npe 

9.0 

6.8 

6.8 

22 6 

6 

_ 

1 

Dorsett 

R SXH 17 

May 29 

Full ripe 

9,2 

6.2 

6.7 

22.1 

5 


1 

U vS,3241 . . 

CXD 

Jun 7 

Pull npe 

8.0 

6.3 

7.8 

22.1 

5 

1 

- 

Shasta 

Cal 67 5 X Cal 
177.21 

Jun 10 

Pull npe 

7.3 

6.3 

82 

21.8 

5 

1 


Suwannee* 

M XH 17 

Jun 7 

Full npe 

7.3 

7.2 

7.2 

21.7 

5 

- 

1 

Blakemore . . 

M XH 17 

May 31 

Firm npe 

6.0 

8.0 

6,3 

20.3 

4 

2 

1 ~~ 

Average . . 




7.8 

6.8 

7.2 

21.8 





Group 111: Dtvtded Optnton — Borderline Cases 


Redwmc 
Midland 
U S. 3205* .. 
Tenn. Beauty . 
U. S. 3205. . 

Tenn Shipper 
U. S. 3500. . 


N J 46 XF 

R HXH 17 

FXA 

M XII 17 

FXA 

MXB 

Unknown 


Average 


Tun 10 
May 29 
May 29 

i un 3 
lay 29 
May 31 
Jun 3 


Full npe 

7.3 

5.3 1 

7.8 ! 

20.4 1 

4 

1 1 

1 

Firm npe 

6.6 

6.4 

7.2 

20.2 

3 

2 

1 

Pull npe 

77 

6.0 

6 0 

19.7 

3 

- 

3 

Firm npe 

7.0 

0.5 

6.0 

19.5 

2 

2 

2 

Full npe 

5.8 

5.8 

7.0 

18.6 

4 

1 

1 

Firm npe 

57 

6.8 

58 

18.3 

4 

— 

2 

Pull npe 

7.0 

4.8 

5.4 

17.2 

4 

- 

2 


6.7 

6.9 

6 5 

19.1 





Group IV: Unanimously Rejected 


U. S. 1453. .. 

KXF 1 

May 29 

Pull ripe 

6.5 

6.7 

4.3 

17.5 



6 

Fairfax .... 

R SXH 17 or 
H 17XET 450 

Jun 3 

Full ripe 

2.8 

5.0 

3.8 

11.6 

- 


6 

Average . . 




4.7 

5.9 

4.1 

14.6 





♦Whole Berries Key to Parentage: 

R H— Redheart 
B — Blakemore 
K—Klondike 
M — -Missionary 
H 17 — Howard 17 


R S — Royal Sovereign 
F — Fairfax 
A — Aberdeen 
C — Catslall 
Et — Ettersburg 


closely correlated with a favorable vote on consumer acceptance, al- 
though in two instances, notably with Redwing and Midland in group 
3, one must consider the scores for the specific factors. The unfavor- 
able vote on these two varieties reflected the soft texture of Redwing 
(5.3) and the relatively poor color of Midland without compensating 
higher values in texture and quality. 
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In 1944, Midland was one of the best varieties, but its firm-ripe 
condition in 1946 was responsible for a much lower rating in the 
latter year, indicating that a full ripe or even very ripe condition is 
essential for good freezing quality of this variety. Other instances 
where degree of ripeness had a marked effect are found with Tennes- 
see Beauty, Tennessee Shipper, and U. S. 1453. Whereas the Ten- 
nessee Beauty, picked June 10 in full ripe condition, scored high 
(23.5) and placed in group 1, an earlier picking on June 3 in firm- 
ripe condition scored below 20 and fell in group 3. Tennessee Shipper 
in a full-ripe condition was one of the best in 1944, but was harvested 
in firm-ripe condition in 1946 and scored only 18.3, to fall in group 3. 
The seedling U. S. 1453 presented the most extreme case, showing a 
very high rating (24.4) from full-ripe berries (harvested June 7) and 
a very low’ rating (17.5) from full-ripe berries harvested May 29, and 
likewise a very low rating (14.1) in 1944 with very ripe berries. The 
low quality of the May 29 picking of U. S. 1453 might be attributed to 
a rainy period preceding the harvest. It can be pointed out that with 
firm-ripe berries the scores for color and flavor are affected, and with 
very-ripe berries, the scores for texture and flavor are reduced. Blake- 
more, a standard freezing berry for preserve use, appears to develop 
enough color and quality in the firm-ripe stage to place it among the 
acceptable groups, but at this stage of ripeness it scored higher as a 
whole berry than as a sliced berry. Considering the four groups in 
Table I, it is evident from the average values that color, texture, and 
flavor all move downward with decrease in acceptability. 

With attention to the factor of ripeness, the acceptable varieties 
from Tables I and II would include U. S. 2644, U. S. 1453, Tennes- 
see Beauty, Tennessee Shipper, Midland, Suwannee, Blakemore, 
Sierra, Brightmore, Dorsett, U. S. 3241, and Shasta. Among varie- 
ties not acceptable would be Redwing, Red Star, Chesapeake, Bristol, 
Fairpeake, U. S. 3205, U. S. 3500, and Fairfax. Fairfax scored very 
low particularly because of lifeless color and insipid flavor, which is 
in agreement with the results of Lutz et al (1), but other workers 
have reported this variety as desirable for freezing. 

It is interesting to note the parentage of the acceptable varieties in 
that Missionary and Howard 17 contribute most frequently to the 
crosses that result in good freezing quality. In the work of Lutz et al 
(1), it was reported that Missionary rated good as a freezing berry 
and Howard 17 rated fair to good. The detailed judging showed that 
each of these varieties had only fair flavor, but Howard 17 had good 
color and Missionary had firmness. Probably in the crosses Howard 
17 contributed good color and Missionary added firmness. 

In the freezing work of 1946, particular attention was paid to 
processing only those varieties that had firm flesh and red color 
throughout the berry, avoiding varieties or selections that had pinkish 
flesh or white centers, regardless of the flavor. 

Summary 

Newer strawberry varieties and promising selections, grown by the 
United States Department of Agriculture at Beltsville, Maryland, 
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were prcKessecl by the freezing method in 1944 and 1946, using espe- 
cially varieties with a firm flesh and red color throughout the berry. 
The frozen product, frozen at —20 degrees to —25 degrees F, was 
held in storage for 10 months in 1944 and for 5 months in 1946. 
Judged on the basis of color, texture, and flavor, the varieties and 
selections considered acceptable to the consumer were U. S. 2644, 
U. S. 1453, Tennessee Shipper, Tennessee Beauty, Midland, Suwan- 
nee, Sierra, Blakemore, Brightmore, Dorsett, U. S. 3241, and Shasta, 
probably in the order named. Those not acceptable were Redwing, 
U. S. 3205, U. S, 3500, Redstar, Fairpeake, Bristol, Chesapeake, and 
Fairfax, also included firm-ripe berries of Tennessee Beauty, Ten- 
nessee Shipper, and Midland, as well as very-ripe berries of U. S. 
1453. Berries that were firm-ripe or under-ripe were low in color and 
flavor, whereas berries of very-ripe conditions were low in texture 
and flavor. On the average, color, texture and flavor all decreased as 
one moved from varieties of high rating to those of low rating. Mis- 
sionary and Howard 17 were involved predominantly in the parentage 
of the varieties making a good frozen product. 

Literature Cited 

1 Lutz, J. M., Caldwell, J. S., Moon, H. H., and Myers, A. T. The quality 
of different varieties of Eastern strawberries when frozen in small pack- 
ages. Fruit Prod. Jour. 13 (1) :7-10. 1933. 



Ascorbic Acid Content of Strawberry Varieties 
Before and After Processing by Freezing^ 

By L. E. Scott and A. Lee Schrader, University oj 
Maryland, College Park, Md, 

T he nutritive quality of the frozen product in terms of vitamin 
content is an important point to consider in the selection or rec- 
ommendation of a strawberry variety or new seedling for freezing 
purposes. Thus, in connection with variety comparisons of straw- 
berries for eating quality after processing by the freezing method (3), 
studies were made of the ascorbic acid content to ascertain, (a) the 
amount in the fresh berries, (b) the amount retained in the frozen 
product after 5 months of storage at 0 degrees F, and (c) the effect 
of storing the fresh berries at different temperatures before process- 
ing on the ascorbic acid content of the frozen product. 

Methods 

The preparation and processing of the fresh berries have been de- 
scribed in the report considering eating quality (3). Samples of the 
fresh product for ascorbic acid analysts were taken immediately fol- 
lowing the slicing of the berries of a given lot before sugar was added, 
and approximately 100 grams of the well-mixed slices comprised a 
sample. A sample of the frozen product included the contents of one 
^‘mushroom” can. Duplicate determinations were made on 20 grams 
of each sample extracted for 2 minutes with 200 milliliters of 0.5 per 
cent oxalic acid in a Waring blendor. The titration end-point on an 
aliquot of this blend was determined with a Fisher Titrimeter since 
the color of the berries made visual titration extremely difficult. Re- 
sults of analyses were reported as milligrams per 100 grams of straw- 
berry material, and in the case of the frozen product this required a 
calculation to adjust for the sugar added. 

Results 

In Table I, the ascorbic acid contents of the fresh strawberries are 
arranged in numerically descending order for the varieties and seed- 
lings except the last six varieties for which values were not secured 
on the fresh material. The fresh berries showed a range in content of 
ascorbic acid from 50.0 milligrams for Blakemore to 85.3 mg/100 gm 
for U. S. 1453. The values in the main agree with those reported by 
Slate and Robinson (5) for the same varieties, although Slate and 
Robinson place Dorsett and Blakemore in a much lower category 
based on a figure of 49.0 for Dorsett and 42.0 milligrams for Blake- 
more as reported by Satterfield and Yarbrough (2). It is apparent 
that none of the varieties listed in Table I would fall below 50 mg/ 
100 gm assuming that the value of 46.8 for frozen berries of Shasta 
represented a loss during storage of at least 3.2 milligrams. 

^Scientific Publication No. A163. Contribution No. 2058 of the Maryland 
Agricultural Experiment Station (Department of Horticulture). 
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The ascorbic acid values of the frozen samples ranged from 46.8 to 
64.1 mg/100 gm after 5 months of storage at 0 degrees F. There was 
a surprisingly high retention of ascorbic acid in comparison with the 
values reported by Mayfield and Richardson (1) and by Shimer et al 
(4) for similar length of storage after freezing. On a percentage basis 
(Table I) most of the varieties retained above 80 per cent of the value 


TABLE I — Ascorbic Acid Content of Strawbfjiry Varieties Before 
AND After Preservation by Freezing 


Vanety 

Parentage 

Harvest 

Date 

Ascorbic Acid in 
Mg 100 Gm 

Ascorbic 
Acid 
Retained 
(Per Cent) 

Fruit 

Condition 

Before 

Freezing 

Before 

Freez- 

ing 

After 

Freez- 

ing 

U S. 1453 

KXU S613 

May 20 

85.3 

47 8 

56 

Pull ripe 

U S 1453 

KXU S 613 

Jun 7 

76.7 

60.4 

79 

Pull ripe 

Sierra 

Nich. Ohmer XCahf. 177.21 

Jun 7 

78.2 

56.4 

72 

Pull ripe 

u.s. 3241 : 

C X D 

Jun 7 

73.7 

63.8 

87 

Pull ripe 

Fairfax 

RSXH 17orH 17XET450 

Jun 3 

71.5 

48.4 

68 

Full npc 

Suwannee 

M XH 17 

Tun 3 

70 7 

6f) 0 

85 

Full ripe 

Tenn. Beauty 

MXH 17 

Jun 3 

01.5 

52.8 

86 

Firm npe 

Tenn. Beauty 

MXH 17 

Jun 10 

— 

64.1 

— 

Full ripe 

Redwing 

N J46XF 

Jun 10 

69 3 

60.0 

100 

Pull npe 

Temple 

AXF 

May 28 

58.0 

49.1 

85 

Full ripe 

U, S. 3500 

? 

Jun 3 

67.1 

47.8 

84 < 

Full ripe 

Midland 

R H XH 17 

May 29 

56 5 

51.1 

90 

Firm npe 

U. S. 3205 . 

FXA 

May 29 

65.5 

47.4 

85 

Pull ripe 

Blakemore 

MXH 17 

May 29 

53.0 

50.0 

94 

Firm npe 

Blakemore 

1 

May 29 

64.0 

48.4* 

76 

Firm npe 

Dorsett 

RS XH 17 

May 29 

— 

64 1 


Pull npe 

Tenn. Shipper 

MXB 

May 31 

— 

64.1 

— 

Firm npe 

Bnghtmore 

B XOre 154 

May 31 

— 

53.4 

— - 

Pull npe 

U. S. 2644 , 

RHXB 1 

May 31 

— 

51.8 

— 

Pull npe 

U. S. 2644 . 

R H XB 

May si 

— 

59.9* 

— 

Pull npe 

Shasta 

Calif 67 5 XCahf 177.21 

Jun 10 

— 

46.8 

— 

Full npe 


♦Whole berries. 


originally found in the fresh berries. The high retention of ascorbic 
acid in these lots may have resulted from packing the berries in cans 
completely filled, leaving no air-vSpace above the berries. Agreeing 
with the report by Shimer ct al (4), the varieties with high original 
ascorbic acid content tended to lose their content more readily after 
freezing, thus equalizing differences among varieties. The lowering of 
values for the fresh berries as the season advanced, also previously 
reported (4), is seen in the case of U. S. 1453. 

In Table II, the effect of storing the berries before processing is 
shown to be very slight in relation to the ascorbic acid loss during 
such storage, and there was no measurable effect on the ascorbic acid 
content of the frozen product. The slight loss with the fresh berries 
agrees with results reported by Mayfield and Richardson (1). 

Summary 

Strawberry varieties and seedlings of especial interest for their 
quality as a frozen product exhibited ascorbic acid contents ranging 
from 85.3 to 53.0 milligrams per 100 grams fresh material. After 
freezing and storage for 5 months, these varieties showed a high re- 
tention of ascorbic acid, averaging about 80 per cent and with few 
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TABLE II — Ascorbic Acid Content of Frozen Strawberries as Affected 
BY Storage Temperatures of the Fresh Fruit Before Freezing 


Ascorbic Acid in Mg/100 Gm 


Harvest 

Date 


Storage of 
Fresh Fruit 


Before 

Frec 2 mg 


After 

Freezing 


Ascorbic 
Acid 
Retained 
(Per Cent) 


Fruit 

Condition 

Before 

Freezing 


U. S. 3205 


May 29 .... 
May 29 . 
May 31 . 
May 31 


None 

55.5 

47.4 

85 

2 days at 40 degrees F 

— 

51.8 

— . 

4 days at 32 degrees P 

52.3 

45.4 

87 

4 days at 46 degrees F 

49.7 

48.1 

97 


Full npe 
Full npe 
Pull ripe 
Pull ripe 


May 29 . . 
May 29 . 
May 31 . 
May 31 . 
May 31 . 
May 31. . 


None 

Blakemore 

64.0 

48.4 

76 

Firm npe 

2 days at 40 degrees F 

— 

50.8* 

— 

Pull ripe 

None 

— 

49.0 


Firm npe 

2 days at 32 degrees F 

51.5 

41.8 

81 

Pull ripe 

2 days at 46 degiees F 

60.5 

48.4 

80 

Pull ripe 

2 days at 52 degrees F 

55 4 

48.1 

87 

Full ripe 


♦Whole berries. 


varieties below that figure. Storing fresh berries at diflferent tempera- 
tures from 32 degrees F to 52 degrees F for 2 to 4 days had slight 
effect on the ascorbic acid content, and there was no measurable 
effect on the subsequent content of the frozen product after 5 months 
storage. 
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Results of Further Investigations on the Use of 
“Hormone” Sprays in Tomato Culture^ 

By A. E. Murneek, University of Missouri, Columbia, Mo. 

I N a previous publication information has been presented on the re- 
sults of extensive investigations on the effects of various synthetic 
growth substances (‘"hormones”) on fruit set and size of greenhouse- 
grown tomatoes (1). Emphasis was placed on the comparative po- 
tency and value for this purpose of /3-naphthoxyacetic (NOA) and 
]>-chlorophenoxyacetic (QPA) acids. Both of these chemicals had 
been used either as flower cluster or whole plant sprays. The most 
desirable concentrations found by us were: (a) For flower cluster 
spraying: NOA at 50 to 75 ppm or CIPA at 10 to IS ppm. (b) For 
whole plant spraying: NOA at IS to 20 ppm or CIPA at 1 to 2 ppm. 
The lower concentrations are suggested for cloudy weather, the high- 
er when there is abundant light. While flower cluster spraying is 
more popular at present, whole plant spraying is often more effective 
for increasing the number and size of fruit. 

The present report deals with further investigations on the use of 
hormone sprays on tomatoes grown in greenhouses and outdoors. It 
covers the following specific experiments: (a) Flower versus whole 
plant spraying with NOA and CIPA; (b) flower alone versus flower 
and fruit spraying with NOA and CIPA; (c) flower versus whole 
plant spraying with NOA and CIPA under commercial culture; (d) 
application of j^-indolebutyric acid (IBA), CIPA, and IBA 4- CIPA 
in aerosol form to flow’ers; (e) flower cluster spraying with 2,5- 
dichlorol)enzoic acid, oc (o-chlorophenoxy) propionic acid and 2,4,5- 
trichlorophenoxypropionic acid ; and (f) use of NOA and CIPA 
sprays on tomatoes grown outdoors. 

The Master Marglobe variety was used in all experiments except- 
ing (d) and (e), for which a strain of Break O’Day variety was em- 
ployed. The cultural methods and greenhouse practices were the same 
as described elsewhere ( 1 ) . Five clusters of fruit were allowed to set 
on the Marglobes and eight clusters on the Break O’Day plants. Each 
specific spray treatment, given once a week, was applied to duplicate 
groups of plants but sometimes in triplicate. The Marglobes were 
grown in 4-gallon crocks and the Break O’Day plants in ground beds 
as per accepted commercial practice described further on. Under 
greenhouse culture, where differences existed, the controls (untreated 
plants) were given a preferential exposure to light. Figures in the 
tables refer to an average per 10 plants. Included in the total of fruit 
harvested are also the “green” fruit gathered at the time of closing 
the respective tests, for undoubtedly they would have ripened had 

‘Contribution from the Department of Horticulture, Missouri Agricultural 
Experiment Station, Journal Series No. 1043. 

Appreciation is expressed herewith to Dr. P. C. Marth, U. S. Department of 
,\griculture for the aerosol preparations, and to Dr. P. W. Zimmerman, Boyce 
Thompson Institute for Plant Research, to the American Chemical Paint Co. 
and to the Dow Chemical Co. for a generous supply of some of the chemicals 
used. 
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more time been allowed for their development. Only fruit of market- 
able size, above 85 grams in weight, were taken into consideration in 
yield records, though in most cases the number of small fruit, usually 
parthenocarpic, are also given. 

Flower Versus Whole Plant Spraying with /8-Naphthoxy- 

ACETic (NOA) AND p-Chlorophenoxyacetic (CIPA) Acids 

Previous investigations had shown that whole plant spraying with 
growth substances often is just as satisfactory as flower spraying for 
induction of fruit setting of tomatoes grown under greenhouse condi- 
tions ( 1 ) , and sometimes more so. It was deemed desirable to obtain 
additional evidence on this phase of our investigations. A winter crop 
of tomatoes was grown for this purpose. Hormone applications to 
these plants began on November 21 and continued until February 10. 
The weather was mostly cloudy until about March 1, and thereafter 
not very favorable for fruit setting. 

Harvesting of the crop commenced on February 13 and continued 
until April 13. At the second gathering of the ripe and near ripe 
tomatoes it was observed that the whole plant sprayed and flower 
sprayed plants with CIPA had produced, on the average, larger fruit 
than plants in other groups, though some specimens were slightly 
abnormal in form. 

Three weeks later (fourth harvest) there were gathered noticeably 
more large (marketable) fruit from all treated plants than from 
control ones. This difference continued more or less to the end of the 
experiment. Occasionally specimens of the CIPA treated groups, 
however, were somewhat pointed and a little softer than other toma- 
toes. 

The results are presented in Table I. It will be noted that the most 
outstanding difference between treated and not treated plants was the 
conspicuous increase in number of fruit of marketable sizes and a 
corresponding decrease of small fruit, below 85 grams in weight. 
NOA as a whole plant spray and CIPA, applied either on flowers or 
plants, augmented the number of fruit per plant by 65 to 82 per cent. 
Since there was also an average increase in size of the fruit, the total 
weight of the marketable crop about doubled as a result of spraying 
with CIPA. Whole plant spraying with NOA was decidedly better 
than flower spraying with this material, while whole plant spraying 
with CIPA was slightly less effective than flower spraying with this 
very potent growth substance. 


Spraying Flowers Alone Versus Flower and Fruit Spraying 
With p~Chlorophenoxyacetic Acid (CIPA) 

When the whole plant is sprayed, not only the foliage but also the 
developing fruit receive the spray material several times. It was 
thought desirable to determine what effects, as regards fruit set and 
size, may be obtained from flower spraying alone and flower plus fruit 
spraying. A test of this sort should indicate whether from whole plant 
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TABLE I— Effects of Flower and Whole Plant Spraying With 
/S-Naphthoxyacetic (NOA) and p-Chlorophenoxyacetic (CIPA) 
Acids on Set and Size of Tomatoes ( Spring Crop, 1945. Average Per 
Ten Plants) 


Treatment 
(Flower or Whole 
Plant Spraying) 

No. 

Fruit 

Har- 

vested 

Increase in Num- 
ber of Market- 
able Fruit Due 
to Treatment 
(Per Cent) 

Total 
Weight of 
Market- 
able Fruit 
(Grams) 

Increase 
Due to 
Treat- 
ment 

(Per Cent) 

Ave. 

Weight 

Per 

Mar- 

ketable 

Fruit 

(Grams) 

Increase 
or De- 
crease 
Due to 
Treat- 
ment 

(Per Cent) 

1 

Controls 

I (it)** 90 
(b) 204 

— 

11,401 


126.7 

1 

N 0 As.* — flowers 

(a) 104 

(b) 204 

+ 15.6 

12,895 

+13.1 

124.0 

-2.1 

NOAjo- whole plants 

(a) 149 

(b) 104 

+65.5 

19,686 

+72.7 

132.1 

+4.3 

CIPAio — flowers 

(a) 164 

(b) 49 

+82 2 

23,802 

+108 8 

145.1 

! 

+14.5 

CIPA whole 

plant 

(a) 159 

(b) 86 

1-76.6 

22,624 

+98 4 

142.3 

+12.3 


♦Subscript fl^^urcs refer to parts per million of chemicals used, 
♦♦(a) Above 85 «:rarns m weight (marketable) 

(b) Below 85 ^rams m weight (not marketable). 


Spraying the hormone exerts its influence through the foliage alone 
or also through the green fruit. 

A group of Marglobe tomatoes was used for this study. Beginning 
on November 21 the first clusters of flo\vers were treated and there- 
after, at weekly intervals, flowers either alone or with the developing 
fruit were sprayed with CIPA. 

The records, given in Table II, seem to indicate that when as effec- 
tive a growth substance as CIPA is applied to the fruits, in addition 
to the flowers, there w^as a slightly greater increase in yield, as ex- 


TABLE II — Effects of p-Chlorophenoxy acetic Acid (CIPA) Sprayed 
ON Flowers Alone and on Flowers and Fruit (Spring Crop, 1945. 
Yields of Marketable Fruit Per Ten Pijvnts) 


Treatment 
(Flower or Flower 
and Fruit 
Spraying) 

No 

Fruit 

Har- 

vested 

1 

Increase m 
Number of 
Fruit Due to 
Treatment 
(Per Cent) 

Total 
Weight 
of Fruit 
(Grams) 

Increase in 
Weight of 
Fruit Due to 
Treatment 
(Per Cent) 

Ave. 
Weight 
Per Mar- 
ketable 
Fruit 
(Grams) 

Increase 
Due to 
Treat- 
ment 

(Per Cent) 

Controls 

93 



11,654 



125.3 



CIPAi.*- flower spray 
ClPAi. — flower and fruit 

137 

+47.3 

18,800 

+61.3 

137.2 

+9.5 

spray 

156 

+67.7 

21,311 

+82.9 

136.6 

+9.0 


♦See footnotes of Table I. 


pressed by total weight of fruit. This was due chiefly to an augmented 
number of fruit set for improvement in size of the fruit from either 
treatment was about the same. One may conclude therefrom, that 
growth substances, when applied to the whole plant, exert their influ- 
ence mainly through the foliage and only to a minor extent through 
the fruit. 
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Flower Versus Whole Plant Spraying With jS-NAPiiTHoxY- 
ACETIC Acid (NOA) and p~Chlorophenoxyacetic Acid 
(CIPA) Under Commercial Greenhouse Conditions 

An early spring crop of Break O'Day variety was grown for this 
puipose. The plants were set in a ground bed of good loam soil to 
which 4-12-4 fertilizer had been added at the rate of 1 ton per acre. 
In addition NaNoa was supplied, as needed, to maintain a high soil 
nitrogen content during the growth period. Spacing was so arranged 
as to give about 4 square feet of ground area per plant. They were 
trained to a single stem and allowed to produce eight clusters of fruit, 
the tops being cut below the 9th flower cluster. Because of relatively 
close planting, in imitation of commercial practice, there was a heavy 
shading of the lower parts of the plants. 

Spraying with growth substances was begun on November 21 and 
continued at weekly intervals until March 10. The crop was harvested 
between February 23 and May IS. 

In Table III are presented the crop records of this experiment. The 
results indicate that, in general, whole plant spraying was more effec- 
tive than flower spraying, as evidenced by the increased number of 

TABLE III — Effects of Flower Versus Whole Plant Spraying with 
^-Naphthoxyacetic (NOA) and p-Chlorophenoxyacetic (CIPA) 
Acids (Spring Crop of Break O'Day Tomatoes 1945. Average Per Ten 
Plants) 


Treatments 
(Flower or Whole 
Plant Spraying) 

No. 

Fmit 

Har- 

vested 

Increase in 
Number of 
Marketable 
Fruit Due 
to Treat- 
ment 

(Per Cent) 

Total 
Weight of 
Market- 
able 
Fruit 
(Grams) 

Increase or 
Decrease m 
Weight of 
Fruit Due to 
Treatment 
(Per Cent) 

Ave. 
Weight 
Per Mar- 
ketable 
Fruit 
(Grams) 

Increase 
or De- 
crease 
Due to 
Treatment 
(Per Cent) 

Controls 

(a) * 144 

(b) 63 

— 

23,796 

— 

165.2 

— 

NOAio — flowers 

(a) 149 

(b) 60 

f3.5 

24,796 

+4.2 

166.4 

+0.7 

N 0 A IS — flowers 

(a) 146 

(b) 117 

+ 1.5 

i 

21,121 

1 

-11.2 

144.7 

-12.4 

NO Am — whole plant 

(a) 205 

(b) 78 

+42.4 

36,112 

+51.8 

176.2 

+6.6 

NOAao — whole plant. 

(a) 205 

(b) 25 

+42.4 

37,237 

+56 5 

181.6 

+9.9 

CIPAio— flowers 

(a) 176 

(b) 44 

+ 22.2 

30,934 

+30.0 

175 8 

+6.4 

CIPA i.is — ^whole plant 

(a) 197 

(b) 14 

+36.8 

41,666 

+75.1 

211.5 

+28.0 


♦See footnotes of Table I. 


fruit set and the total weight of the crop. A part of the augmented 
weight was due to an increase in size but most of it to an increase in 
set. )S-naphthoxyacetic acid at 20 parts per million as a whole plant 
spray increased the size of fruit but slightly over that produced by a 
concentration of 10 parts per million, but CIPA at 1J4 Ppm was a 
very potent material for size increase when the whole plant was 
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Sprayed, In fact, QPA, whether used on flowers or the whole 
has the remarkable property of reducing the number of small fruit. In 
this respect it is just the opposite of /S-indolebutyric acid. But it must 
be used with precaution and at a reduced concentration in cloudy 
weather to prevent occasional “puffiness” of the fruit. Para-chloro- 
phenoxyacetic acid, like its more dangerous homologue, 2,4~D, stimu- 
lates to a marked extent the growth of the carpellary region of the 
fruit. 

Judging from the records, as a flower spray NOA at 75 parts per 
million seemingly was too strong, under the prevailing environmental 
conditions, for the crop was reduced by 11.2 per cent, which was due 
almost entirely to a decreased size of the fruit. An unusually large 
number of small fruit matured on plants treated with NOA at 75 
parts per million. At SO parts per million NOA was only moderately 
effective as a flower spray on these Break O’Day tomatoes, but at 10 
parts per million, as a whole plant spray, the set was increased 42.4 
per cent and the yield 51.8 per cent. 

Application of jS-lNDOLEBUTVRic Acid (IBA), p-Chlorophe- 
NOXYACETIC AciD (CIPA), AND IBA + OPA IN AeROSOL 
Form to Flowers 

Ninety Break O’Day plants, grown similarly to those of the preced- 
ing group, were used for this test. The soil in the ground beds, where 
these plants were raised, was of very high fertility, as determined 
chemically, and therefore, an additional fertilizer application at the 
time of planting was not required. Nitrate of soda, however, was sup- 
plied as needed during the growth of these plants. Because of the 
position of the greenhouse, there was considerable shading which 
most probably reduced the yield. 

The three aerosol preparations consisted of (a) jS-indolebutyric 
acid .25 per cent -f 20 ml cyclohexanone in dimethyl ether sufficient 
to make 400 grams of total mix ; (b) Para-chlorophenoxy acetic acid 
.01 per cent in the same solvent and dispersion liquid ; and (c) Para- 
chlorophenoxyacetic acid 400 milligrams + ^-indolebutyric acid .960 
grams (total .25 per cent) similarly dispersed. All preparations were 
held under pressure in small steel cylinders with proper nozzle attach- 
ment for release of the material in the form of a fine mist. 

Application of the aerosols to open flowers was begun on November 
21 and continued, at intervals of 1 week, until February 10, when the 
8th or last flower cluster was fully open. There was some difficulty 
in securing release of a uniform amount of material through the noz- 
zles. The crop was harvested as required, between February 14 and 
April 24. 

The results, expressed on the basis of 10 plants, are presented in 
Table IV. It will be observed that, whether used alone or mixed with 
y8-indolebutyric acid (IBA), p-cholorphenoxyacetic acid (CIPA) 
was effective in increasing the set, but even more in improving size 
of tomatoes. When IBA was used alone, in the form of aerosol, the 
set was reduced by 10.6 per cent while the size of the fruit was aug- 
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TABLE IV—Ewbcts oFfl-lNDOLKBUTYRic Acid (IBA) Alonk, f-Cblobo- 
PHENOXYACBSIC AciD (CIPA) Alone, ahd IBA + aPA Used as Aero- 
soi Appucawons to Fcowers (Spring Crop, 194S. Average Per Ten 
Plants) 
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and CI 2 B groups. Moreover, many of the large tomatoes were seed- 
less, rough and to some extent hollow. This undoubtedly was due, in 
part at least, to the prevailing cloudy weather but probably also to a 
comparatively high concentration of the chemicals used under the 
existing environmental conditions. 

As indicated by the records presented in Table V, oc (o-chlorophe- 
iioxy) propionic acid (CIPP) in particular, and to some extent also 
2,4,5-trichlorophenoxypropionic acid (CUPP), at the concentrations 

TABLE V — Effects of Flower Spraying With 2,5~Dichlorobenzoic 
Acid (ClaB), oc (o-Chlorophenoxy) Propionic Acid (CIPP) and 2,- 
4,5-Triciilorophenoxypropionic Acid (CUPP) (Average Per Ten 
Plants) 


Treat- 

ment 

No 

Fruit 

Har- 

vested 

Increase or 
Decrease m 
Number of 
Marketable 
Fruit Due to 1 
Treatment 
(Per Cent) 

Total 
Weij?ht of 
Marketable 
Fruit 
(Grams) 

i 

Increase or j 
Decrease m 
Weight of 
Fruit Due to 
Treatment 
(Per Cent) 

Avc. Weight 
Per Market- 
able Fruit 
(Grams) 

Increase 
Due to 
Treat- 
ment 

(Per Cent) 

Controls 

fa)* 129 
(b) 165 

— 

16,709 


129 5 

— 

CEB... 

(a) 115 

(b) 169 

- 10 8 

15,834 

-5 2 

137.7 

+6.3 ' 

CIPPso 

fa) 156 

a>) 68 

4-20 9 

25,495 

452.6 

163.4 

+26.2 

CI.PP.O . . . 

(a) 138 

(b) 113 

4-7 0 

20,756 

4-24.2 

150.4 

+ 16.1 


♦See footnotes of Table I. 


used, were far more effective than 2,4->diclilorobenzoic acid (CloB) in 
increasing set and size of the fruit. The reduction in number of small 
fruit (below 85 grams, and therefore unmarketable) by CIPP and 
CI 3 PP is noteworthy. 

Use of ^-Naphthoxyacetic Acid and p~Chlorophenoxyacetic 
Acid Sprays on Tomatoes Grown Outdoors 

The object of this experiment was to test the possible value of p- 
naphthoxyacetic (NOA) and ]>-chlorophenoxyacetic (CIPA) acids 
as flower or whole plant sprays for tomatoes grown outdoors. A com- 
mercial strain of the Marglobe variety was raised for this purpose on 
a plot of heavily fertilized loam soil. To facilitate spraying, the plants 
were spaced widely, trained to a single stem and staked. Triplicate 
and quadruplicate rows of eight plants were used for each treatment. 

Two synthetic growth substances were used at the following con- 
centrations: NOA at 50. 75 and 100 parts per million for flower 
spraying and at 20 and 40 parts per million for w^hole plant spraying 
and CIPA at 10 and 20 parts per million for flower spraying. All 
applications were made once a week between June 16 and September 
29. There was ample sunlight throughout the summer but a shortage 
of precipitation. Irrigation was required at times. Harvesting of the 
fruit extended between July 25 and October 12. 
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Though practically all of the hormone sprays used were within the 
effective range of concentration and some stronger, no significant im- 
provement in yields was obtained from any of the applications. Size 
of the fruit, however, was increased somewhat, the maximum being 
about 15 per cent from plants sprayed with the highest concentration 
of either NO A or CIPA. 

Discussion and Summary 

The present experiments, in addition to the one reported previously 
(1), verify and amplify the value of jS-naphthoxyacetic (NO A) and 
p-chlorophenoxyacetic (CIPA) acids as "hormone" sprays for green- 
house-grown tomatoes. When used as a spray supplementary to pol- 
lination, CIPA has quite consistently given the greatest effect in 
increasing fruit set and size and, thereby, augmenting the total crop. 
The concentration of either substance, but especially of CIPA, must 
be adjusted according to the relative amount of light the plants are 
receiving. When used at too high a concentration during cloudy 
weather, when pollination takes place with difficulty, formative influ- 
ences may occur due to excessive development of the pericarp in 
relation to placental tissue, resulting in production of occasional fruit 
that are to some extent abnormal in form. The greatest increase in 
yield, therefore, is associated with some danger of production of 
slightly "puffy" fruit unless care is taken in adjusting the concentra- 
tion of CIPA to the prevailing environment, primarily light. For the 
undiscerning, therefore, NOA should be recommended in preference 
to CIPA. 

Under commercial greenhouse conditions, whole plant spraying has 
been usually more effective than flower spraying, when applications 
are made once a week. Evidently these growth substances exert their 
catalytic potency not only directly on the flowers but also indirectly 
through the foliage and possibly the developing fruit. As a result of 
spraying the whole plant, the yield of Break o'Day tomatoes was in- 
creased 50 to 75 per cent and there was a striking reduction in number 
of small fruit. In this procedure the spray should be so directed as to 
avoid as much as possible the growing terminal part of the stem. 
This precaution will prevent possible undesirable formative effects on 
the leaves. 

Of the three relatively new substituted benzoic and j)henoxy acids 
that were tested, oc (o-chlorophenoxy) propionic acid at 50 parts per 
million showed considerable merit as a hormone spray for greenhouse- 
grown tomatoes. It is of interest to note here that this chemical was 
found an effective hormone also for string beans (2). Since the chloro- 
phenoxypropionic acids have less pronounced formative influences 
than their acetic acid homologues, they should receive further atten- 
tion as hormone sprays for tomatoes and possibly other plants. 

When used in aerosol form, )S-indolebutyric acid, at the specified 
concentration, was ineffective in increasing yield of tomatoes. Para- 
chlorophenoxyacetic acid, either alone or with indolebutyric acid, 
similarly applied, increased the set slightly, size of fruit considerably 
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and, therefore, the yield about 25 per cent. It is doubtful, however, 
whether in the present state of development, aerosol application of 
hormones is practicable because of the need for expensive equipment 
and rather complicated procedures for preparation of the material 
Large scale tests during three summers on the value of hormone 
sprays for tomatoes grown outdoors and well exposed to light have 
given consistently negative results. Neither ^-naphthoxyacetic nor 
jxhlorophenoxyacetic acids, as flower or whole plant sprays, at vari- 
ous concentrations, has increased yields significantly. In some cases, 
though, the size of the fruit was augmented somewhat. Apparently 
under comparatively long days and more sunlight, during summer 
months, there is an abundant synthesis of naturally occurring hor- 
mones by the tomato plant, which may be conducive for maximal yield 
of fruit without the artificial stimulation by synthetic growth sub- 
stances. We are obliged to conclude that hormone sprays are of no 
practical value for field cultivated tomatoes excepting possibly in re- 
gions or years of subnormal amount of sunlight. 
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The Effect of Pre-Packaging and Refrigeration of 
Strawberries on the Water Loss, Spoilage, 
Vitamin C Content, and Sugar-Acid Ratio 
of the Fruit^ 

By James E. Moulton, Michigan State College, 

East Laming, Mich. 

R ecent advances in the packaging and merchandising of certain 
fresh fruits and vegetables have made it possible to place on the 
market far more attractive and nutritious products than have been 
available heretofore. With our present methods of marketing straw- 
berries, however, there is considerable loss in quality, as well as com- 
plete spoilage, by the time the fruit reaches the consumer. In an effort 
to improve this condition studies were made to determine the effect of 
various types of packages and methods of handling on the appearance, 
salability, and physiology of fresh strawberries. This report is con- 
cerned with the results of laboratory analyses run on the fruit during 
the course of these experiments. 

Materials and Methods 

Thirteen cases of Robinson strawberries for laboratory tests were 
delivered directly from the field to the Milburg Growers' Exchange in 
the afternoon of June 24, 1946. Upon arrival, the crates were im- 
mediately placed in cold storage at 40 degrees F. Part of the berries 
were in the conventional 16-quart wooden crate, while the remainder 
were in 1 -quart paper boxes packed in 12-quart cardboard cartons. 
The Robinson variety of strawberry is now grown extensively in the 
southwestern part of Michigan. The berries ripen in midseason just 
slightly later than Premier. While they are characteristically large and 
firm, the season of 1946 was unusually warm and rainy the week pre- 
ceding harvest resulting in fruit somewhat softer than normal. 

The berries were cooled overnight and the following day one crate 
at a time was taken from the cold room and each quart box was either 
overwrapped (box entirely covered) or merely capped in either cello- 
phane LST 350, pliofilm 751^6, or cellulose acetate. Some boxes were 
left unwrapped as a check on the various treatments. As soon as all of 
the boxes in a crate were wrapped, the latter was returned immediate- 
ly to cold storage. The detailed information regarding the packaging 
schedule for the berries used in the laboratory tests is given in Table I. 

In the evening the crates were loaded on a truck along with 100 
pounds of ice, and the crates and ice were covered with blankets to 

^Journal Article No. 870 (N.S.) of the Michigan State Agricultural Experi- 
ment Station. 
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keep the pack cool during the trip back to the laboratory. Upon arrival 
at the college, the berries were divided into two groups ; one-half of 
each lot was placed in cold storage at 35 degrees F, while the other 
half remained in the laboratory w^here the temperature was 80 de- 
grees F. 

The next morning and every 24 hours thereafter until the end of 
the experiment, the gross weight and appearance of each box was re- 
corded. The straw])erries stored at 80 degrees F began to show con- 
siderable spoilage 3 days after picking, and at this time samples from 
each lot were analyzed for vitamin C, total acidity and total sugars. 
After the final gross weight determination at the end of the storage 
period, the berries in each box were graded and mold counts were 
made. In grading, the fruit in each quart was divided into three classes 
according to condition, and each group was weighed. Berries without 
any blemishes were placed in one class, those with some bad spots were 
placed in a second class, and the completely spoiled fruit went into a 
third class. 

The berries held at 35 degrees F showed less spoilage and were 
stored 24 hours longer than those kept at 80 degrees F. These were 
then graded and assayed in the same manner as those stored at the 
higher temperature. 

Results 

Water Loss : — The various lots of strawd^erries stored at 80'degrees 
F all lost weight (Table T). The mean loss in weight, however, was 


TABLE I — Number of Moldy Strawberries and Water Loss of Fruit 
AS Affected by Various Containers. Films and Wraps (Storage at 
35 Degrees F for Three Days or at 80 Degrees F for Two Days) 






Average Number of 

Change in Weight 





Moldy Berries Per 

of Fruit (Grams 

of 



Method 

Quart 

Per Quart) 


Container 

Film 

of Wrap 





Treated 




.S5 De- 

80 De- 

35 De- i 

80 De- 





grees F 

gre.es F 

grees P 

grees P 

12 

Paper 

Cellophane 

Overwrap 

2.0 

15.6 

+0.8 

-3.7 

12 

Paper 

Pliofilm 

Overwrap i 

54 

19.2 

+0.3 

-1.0 

12 

Paper 

Cellophane 

Cap 1 

72 

11.2 

-0.8 

-7.5 

12 1 

Papei 

Pliofilm 

Cap 

5.0 

18.2 

-1.0 

-7.0 

12 1 

Paper 

None 

None 1 

6.2 

12.2 

-1 2 

-12 7 

10 

Wood 

C-cllophane 

Overwrap 

5.3 

18.5 

+0.6 

-4.0 

10 

Wood 

Pliofilm 

Ovcrw'rap 

7.0 

17.8 

+0.1 

-2.6 

10 

W'ood 

Cellophane 

Cap 

44 

17.8 

^1.6 

-6.7 

10 

Wood 

Pliofilm 

Cap 

1.2 

16.3 

-1.5 

-8.0 

10 

W’ood 

None 

None 

4.7 

29.3 

-4.2 

-15.8 

8 

W’ood 

Cellulose acetate 

Overwrap 

5.6 

9.0 

-2.8 

-8.5 

0 

Paper 

Cellulose acetate 

Overwrap 

3.3 

11.6 

-1.8 

-4.5 

8 

W’ood 

Cellulose acetate 

Cap 

— . 

12.0 

— 

-11.0 

6 

Paper 

Cellulose acetate 

Cap 

6.0 

23.0 

— 

-15.5 

6 

Special paper 

Cellulose acetate 

Overwrap 

4.0 

14.0 

+0.7 

-8.0 

0 

Special paper 

Cellulose acetate 

Cap : 

45 

7.3 

— 

-10.0 

Average — all quarts 

4.9 

17.0 

-0.9 

-7.1 


not the same for the different treatments. Where no wrap at all was 
used, the average loss in weight was 14.2 grams per box or 2.2 per 
cent (Table II). There was less loss of moisture when the boxes were 
entirely wrapped with any given film than when a cap of the same 
material was applied. With the pliofilm overwrap the loss was 1.8 
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TABLE II — The Effect of Films and Wraps on Moisture Loss 
PROM Strawberries Hei-d for Two Days at 80 Degrees F 


Treatment 

Average Loss in Weight of Fruit 

Grams Per Quart 

Per Cent 

Pliofilm overwrap 

1.8 

0.3 

Pliofilm cap 

7.5 

1 2 

Cellophane overwrap . ....... 

3.9 

0.6 

Cellophane cep 

Cellulose acetate overwrap 

Cellulose acetate cap 

No wrap 

7.1 

8.2 

12.3 

14.2 1 

1.0 

1 3 

1.9 

22 


grams per box (0,3 per cent) as compared with a loss of 7.5 grams 
(1.2 per cent) when this material was used as a cap. The cellophane 
overwrapped packages lost 3.9 grams per box (0.6 per cent), whereas 
those with a cap of the same film lost 7.1 grams (1.0 per cent). Cellu- 
lose acetate was the most porous of the three films applied, and, as a 
result, the packages overwrapped with this material lost more moisture 
than those overwrapped with the other films. The overwrapped boxes 
lost 8.2 grams (1.3 per cent), and the capped boxes lost 12.3 grams 
(1.9 per cent) in this instance. The packages overwrapped in the 
relatively impenneable pliofilm lost the least water in these tests, while 
the somewhat more porous cellophane was next in rank in this respect. 

In contrast to the loss in moisture of the fruit stored at 80 degrees, 
the berries in cold storage, in most case, lost weight very slightly and 
some of the lots even showed a tendency to gain. The average loss in 
weight of all the different lots stored at 35 degrees F was only 0.9 
grams (0.1 per cent) com[)ared to a loss of 7.1 grams (1.0 per cent) 
when the berries were held at 80 degrees F. The lots which increased 
in weight in every instance contained the overwrapped packages. When 
the boxes were entirely wrapped with a film there was some conden- 
sation of moisture on the film, especially where pliofilm was used. 

Loss in weight was little if at all affected by the material of which 
the boxes were made. 

Spoilage : — At the end of the storage period the berries were ex- 
amined and divided into three classes as explained in the section on 
materials and methods. There seemed to be little relationship between 
the type of film or the type of box used and the amount of spoilage or 
the number of moldy berries observed (Tables I and III). 

There was, however, a highly significant difference in the amount 
of spoilage between lots of fruit stored at 35 degrees F and at 80 de- 
grees F. For example, the mean weight of the berries with no bad 
spots was 365 grams per box when held at the lower temperature, 
whereas the mean was 171 grams following storage at the higher 
temperature. In the third class, containing completely spoiled fruit, the 
mean was only 56 grams after cold storage for 3 days, while it was 
129 grams following storage at 80 degrees F for 2 days. 

Not only were there fewer spoiled berries, but also fewer moldy 
berries under refrigeration than at room temperature. The average 
number of moldy berries per box was 17 at 80 degrees F and 4.9 at 
35 degrees F (Table I). 
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TABLE III — Spoilage in Strawberries as Affected by Various Con- 
tainers, Films and Wraps (Storage at 35 Degrees F for Three Days 
OR at 80 Degrees F for Two Days) 


Average Weight of Fruit (Grams Per Quart) 


Container 

Film 

Method 
of Wrap 

With No Bad 
Spots 

With Some Bad 
Spots 

Completely 

Spoiled 

36 De- 
grees P 

80 De- 
grees F 

35 De- 
grees P 

80 De- 
grees F 

35 De- 
grees F 

80 De- 
grees P 

Paper. 

Cellophane 

O-erwrap 

432 

238 

203 

232 

34 

145 

Paper . . 

Pliofilm ' 

Overwrap 

385 

235 

239 

185 

66 

131 

Paper 

Cellophane 

Cap 

474 

384 

171 

158 

62 

66 

Paper , 

Pliofilm 

Cap 

378 

95 

243 

261 

76 

202 

Paper 

None 

None 

368 

175 

2.59 

271 

56 

148 

Wood 

Cellophane 

Overwrap 

241 

105 

307 

197 

70 

1.55 

Wood 

Pliofilm 

Overwrap 

312 

139 

255 

228 

SO 

74 

Wood 

Cellophane 

CJap 

319 

135 

261 

172 

44 

1.33 

Wood 

Pliofilm 

Cap 

389 

178 

186 

217 

37 

90 

Wood . 

None 

None 

350 

- — 

216 

— 

46 

— 

Wood 

Cellulose acetate 

Overwrap 

306 

— 

211 

— 

58 

— 

Paper . . . 

Cellulose acetate 

Overwrap 

387 

135 

181 

270 

39 

120 

W'ood . . 

Cellulose acetate 

Cap 

— 

202 

— 

164 

— 

152 

Paper . 

Cellulose acetate 

Cap ! 

373 

108 

204 

200 

84 

67 

SiHJCial paper 

Cellulose acetate 

Overwrap 

.504 

.365 

129 

159 

26 

73 

Special paper 

Cellulose acetate 

Cap i 

430 

197 

208 

292 

.54 

1.53 

Average —all quarts 


365 

171 j 

228 

221 

66 

129 


Vitamin C : — The chemical determinations for ascorbic acid (Vita- 
min C) were made by the method of Morell (2) as modified by Lucas 
( 1 ) . This method is essentially the oxidation of ascorbic acid quantita- 
tively with 2,6-dichlorophenolindophenol. Boxes of berries were 
drawn at random from each lot stored at 80 degrees F, and 50 gram 
samples of each were homogenized in a Waring blendor containing 
200 cc of 2 per cent metaphosphoric acid. The liquid was then filtered 
and titrated. 

The ascorbic acid content of the strawberries w^as high even after 
storage at 80 degrees F (Table IV). The mean Vitamin C content of 
all 12 samples was 86 milligrams per hundred grams of fresh material. 
vSlate and Robinson (3) recently analyzed 37 varieties of strawberries 
for ascorbic acid and obtained a mean of 62 milligrams per 100 grams 
of fruit. Catskill with a mean of 81 milligrams per 100 grams had the 
highest vitamin content of the group. Even this is a somewhat lower 
average than was obtained in the present studies with the Robinson 
variety. Since no other varieties vrere tested at the same time, it is not 
possible to say whether it was the growing conditions or the variety 
of berry that was responsible for the relatively' high vitamin readings 
obtained in these tests. There was no correlation between the ascorbic 
acid content and the type of container or the kind of wTap applied. 

Ascorbic acid tests on berries assayed following storage at 35 de- 
grees F gave an average of 85 milligrams of the acid per hundred 
grams of fresh fruit. The storage temperature had no effect upon the 
Vitamin C level of the fruit. 

Total Acidity and Sugars : — Samples from the lots stored at 80 de- 
grees F and at 35 degrees F each gave a mean total acidity reading of 
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TABLE IV — Vitamin C Content (Milligrams per 100 Grams of Fresh 
Fruit), Total Sugars and Total Acidity of Strawberries as Affected 
BY Various Containers, Films and Wraps (Storage at 35 Degrees F 
for Three Days or at 80 Degrees F for Two Days) 


Container 

Film 

1 

j 

Method 
of W'rap 

Vitamin C 
Content 
of 

Bernes 

Total Sugar i 
(Per Cent) 

Total Acidity (ml 
N/10 Acid Per Gram) 

35 De- 
grees F 

80 De- 
grees F 

35 De- 
grees F 

80 De- 
grees F 

Paper 

Cellophane 

Overwrap 

93 

3.58 

3.42 

1.31 

1.23 

Paper. . 

Pliofilm 

Overwrap 

91 

4.06 

4.27 

1.14 

1.25 

Paper 

Cellophane 

Cap 

80 

4.04 

3.44 

1.12 

1.16 

Paper .... 

Pliofilm 

Cap 

70 

3 91 

3.04 

1 38 

1.18 

Paper . . 

None 

None 

75 

3.35 

3.66 

1.34 

1 12 

Wood . . 

Cellophane 

Overwrap 

85 

4.66 

4.76 

1 17 

1 16 

Wood . . 

Pliofilm 

Overwrap 

IK) 

4.60 

3 76 

1 25 

1.16 

Wood ... . 

Cellophane 

Cap 

100 

4.58 

4 37 

1 19 

1.31 

Wood . . 

Pliofilm 

Cap 

83 

4.27 

3 93 

1.29 

1 .30 

Wood . . . 

None 

None 

88 

4.8.'> 

4.31 

1.17 

1.38 

Wood . . 

Cellulose acetate 

Overwrap 

90 

— 

4.33 

— 

1.37 

Paper . , . 

Cellulose acetate 

Overwrap 

85 

.5 38 

— . 

1 .33 

— 

Wood . . 

Cellulose acetate 

Cap 

— 

— 

4 17 

— 

1.21 

Paper 

Cellulose acetate 

Cap 

— 

— 

— 

— 

— 

Special paper . 

Cellulose acetate 

Overv'rap 

— 

3.89 

— 

1.15 

— - 

Special paper 

Cellulose acetate 

Cap 

— 

— 

— 

— 

— 

Average — all quarts 

86 

4.3 

4.0 



1 24 


1.24 milliliters of N/10 acid per gram (Table IV).^ No dilTerences of 
significance between lots were observed. 

The sugars were extracted with 95 per cent ethyl alcohol in a War- 
ing blender and the evaluation was according to the procedure in 
Methods of Analysis, A. O. A. C., Fifth Edition, 

Refrigerated berries had an average total sugar content of 4.3 per 
cent, while the berries kept in the laboratory yielded 4.0 per cent sugar. 
No differences of significance between lots were found. 

Color Change and Appearance : — No accurate color determinations 
were made. It was observed, however, that the berries in cold storage 
became darker and duller in appearance than those at 80 degrees F. 
The berries packaged in a pliofilm overwrap were the least attractive 
of all after ]:)rolonged cold storage because they became dark in color 
and wet from the moisture condensing within the package. The boxes 
with the porous cellulose acetate caps and overwraps were very attrac- 
tive because the film is clear and there was no tendency to fog over 
with changes in temperature. 


Conclusions 

The appearance of the strawberries was improved by the use of a 
cap or an overwrap of any one of the three films employed in these 
tests, except where water condensed on the film. In addition to im- 
proving the appearance of the strawberries, the wrapper prevents the 
customer from pouring the berries from the box for examination, and 
it keeps the fruit clean. Loss of moisture is decreased by the use of 
a relatively impermeable film like pliofilm, but temperature changes 

^Chemical analyses for sugar and acidity were made by Dr. E. J. Benne, Mrs. 
Dorothy Waldron, and Dr. Gloria Manalo, Department of Agricultural Chemis- 
try, Michigan State College. 
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cause the condensation of moisture within packages wrapped in this 
way. This moisture in turn favors softening and darkening of the fruit, 
and the use of impermeable wrappers may not be desirable for this 
reason. Where conditions favor fogging of the film, the use of a 
material quite permeable to water, such as cellulose acetate, was found 
to be the most satisfactory. 

The quality of the fruit as indicated by spoilage, mold counts, the 
vitamin C level, or sugar-acid analyses was not appreciably affected 
by the type of film used, the method of wrapping the package or the 
material of which the box was made. 

Refrigeration materially increased the length of time the straw- 
berries could be stored. At 35 degrees F, moisture loss was low, and 
the color of the berries became somewhat darker than normal under 
prolonged storage. Spoilage and molding of the berries was also sig- 
nificantly reduced as compared with fruit stored at 80 degrees F. No 
other effects of cold storage were detected. 

The pliable cardboard box is more difficult to handle than the more 
rigid wooden container. It is likely to bulge and so hold more than a 
standard quart of berries. 
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Ascorbic Acid Content and Sugar-Acid Ratios of 
Fresh Fruit and Process^ Juice of 
Tomato Varieties^ 

By L. E. ScoTT^ and E. P. Walls, Maryland Agricultural 
Experiment Station, College Park, Md. 

I N connection with 1946 tomato variety trials at the Maryland Ex- 
periment Station certain analyses of the fresh fruit and processed 
juice were obtained to assist in the evaluation of the several varieties 
for juice manufacture. Data on the ascorbic acid levels of processed 
tomato juice are of particular interest at this time in view of the stand- 
ards which have been tentatively proposed by the American Medical 
Association (5). Sugar and acidity determinations were made to de- 
termine the possible utilization of these factors as objective tests of 
quality. 

No attempt is made here to review the extensive literature on the 
nutritive value of the tomato. The reader is referred to the excellent 
review of Hamner and Maynard (3) published in 1942. The analyses 
of Bohart ( 1 ) are particularly pertinent for comparison wnth the re- 
sults given in the present paper. A great many ascorbic acid analyses 
of tomato varieties and tomato products have been conducted during 
the last few years under the National Cooperative Project on ^*Con- 
seiwation of Nutritive Value of Foods” but as yet these data have not 
been made available generally. 


Methods 

The tomatoes for analysis and for preparation of the juice samples 
were obtained from plants raised from seed sown in the greenhouse 
and grown at the University Plant Research Farm. The experimental 
fruits were harvested near the middle of the harvest season from plants 
which had vigorous, healthy foliage. The fruit was red ripe at the time 
of picking and was allowed to remain in the laboratory overnight at 
room temperatures before analyses and processing were carried out. 

The juice was prepared by washing the tomatoes, heating them in 
live steam for 3 minutes, and extracting the juice in a laboratory 
model extractor. The raw juice was heated to 190 degrees F in an 
open jacketed steam kettle before filling into No. 1 Picnic cans which 
were processed in boiling water for 27 minutes. After cooling in run- 
ning tap water, the cans were stored at room temperature until 
analyzed. 

Representative, homogenous samples for analysis were obtained by 
cutting wedge shaped sections from duplicate lots of eight fruits. For 
the ascorbic acid determinations about /5 grams of such sections were 
blended with exactly twice as much 0.5 per cent oxalic acid for 3 min- 
utes in a Waring blendor. An aliquot of the supernatant liquid after 
centrifuging was titrated visually with standardized dichlorophenolin- 

^Scientific Paper No. A161, Contribution No. 2056, of the Maryland Agricul- 
tural Experiment Station, Department of Horticulture. 

•With the technical assistance of Mary Smith. 
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clophenol dye. Another lot of sections weighing about 200 grams was 
macerated in the blendor to prepare a homogenous sample for sugar, 
pH, and total acidity determinations. For the sug*y analysis 10 grams 
of the blend was extracted by refluxing for 10 minutes in alcohol ad- 
justed to 80 per cent concentration. Invert sugar was estimated by the 
Shaflcr-Somogyi method as given by Heinze and Murneek (4). Hy- 
drolysis of several samples for total sugar analyses showed that practi- 
cally all of the sugars present were in the invert form. The pH of an 
aliciuot of the blend was read with a MacBeth pH meter, while the 
total acidity was determined on the same sample by direct titration 
with standard NaOH to pH 7. 

Ascorbic acid of tlie juice was determined on samples blended for 2 
minutes with two parts of 0.5 per cent oxalic acid to one part juice. 
Other analyses of the juice were made in the manner given for the 
fresh fruit but without the use of the blendor. Duplicate cans of juice 
were used for all determinations. 

Results 

Ascorbic Acid Content : — Ascorbic acid values for the fresh fruits 
ranged from 17.1 to 25.1 milligrams per 100 grams with an average of 
22.7 milligrams for the 11 varieties (Table I), Analysis of the raw" 


TART.E I — Ascorbic Acid Content oe Fruit and Juice 
OF Eleven Varifties of Tomatoes* 



Mg' of Ascoibic Acid in 100 Gm ol 

[: 

Vanety 





Flesh Fruit 

Raw Juice 

Juice Stoied 

1 Week 

Juice Stored 

8 Weeks 


Garden State 

2.3 0 

23.3 

21 8 

21.2 

Master Mar^jlobc 

2.'» 1 

22.7 

21. .5 

19.0 

Pan Amenca 

24.8 

22 1 

20.4 

19 2 

Ruti'ers 

24 4 

24 8 

23 1 

21 5 

Stokestlalc 

20 3 i 

22 0 

19 3 1 

180 

Valiant 

21.4 , 

24 0 

20.8 j 

19 0 

Wisconsin .5.'> 

24 3 

20 0 

19 0 

i7.r> 

178 A 

17 1 

18 9 

19 0 1 

17.7 

178 B 

19.3 

21.0 

20 4 

19.1 

378 , 1 

21.4 

24 8 . 

21.1 

20 4 

400 ... 

21 7 

20 8 

19.2 

18 0 

Averapie of 11 varieties .| 

22 7 

22 4 

20 5 

19.2 


♦Seed of numbered vanetieb were obtained from Campbell Soup Company. 


juice made immediately after extraction gave ascorbic acid values of 
aljout the same order as those of the fresh fruit. Processed juice stored 
for 1 week contained from 19.0 to 23.1 with an average of 20.5 milli- 
grams. After 8 weeks storage at approximately 70 degrees F the 
average ascorbic acid content decreased to 19.2 milligrams. Only three 
juice values were above 20 milligrams; those of Garden State, Rut- 
gers, and No. 378. The ascorbic acid content of the stored juice was 
84.6 per cent that of the fresh fruit and 85.7 per cent that of the raw 
juice analyzed immediately after extraction. There were no outstand- 
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ing differences among varieties in the percentage loss of ascorbic acid 
during processing, nor were there great differences in the values found 
in the fresh fruit or juices of the several varieties. Varietal differences 
shown are probably only slightly above sampling error and would 
certainly not form a basis for selection of any one of the varieties for 
the manufacture of juice of high ascorbic acid content. 

It is evident that the ascorbic acid level of the raw fruit of many of 
the varieties was not sufficiently high for manufacture of juice with 
an ascorbic acid content (after 8 weeks storage) above 20 milligrams 
per 100 grams, which is the level proposed for the ‘*Seal of Accept- 
ance’' rating by the American Medical Association (5). The retention 
percentages obtained in the present work are in line with optimum 
retention figures given by Clifcorn and Peterson (2) for efficient com- 
mercial processes. 

Ascorbic acid analyses of raw fruit of a number of varieties grown 
in the Eastern and Middle Western States (from the National Co- 
operative Project Reports) show that of 163 analyses only 75, or less 
than half, were above the 20 milligrams per 100 gram level. 

Total Acidity and pH : — Total acidity, expressed as citric acid, of 
the fresh fruits of the 11 varieties ranged from .273 to .416 per cent 
(Table II). Acidity of the processexl juice was invariably higher than 


TABLE II — Total Acimry, pH, Sugar Content, and Sugar/ Acid Ratios 
OF TiiK Fresh Fruit and Processed Juice of 11 Varieties of ToMATOEsf 




Fresh Fruit 


Juice Stored 1 Week 

Juice Stored 8 Weeks 

Variety 

pH 

Total 

Acid- 

ity* 

Per 

Cent 

Sug- 

ar** 

Sugar/ 

Add 

Ratio 

pH 

Total 

Acid- 

ity 

Per 

Cent 

Sugar 

Sugar/ 

Acid 

Ratio 

pH 

Total 

Acid- 

ity 

Per 

Cent 

Sugar 

Sugar/ 

Acid 

Ratio 

Garden State 
Master Mar- j 

4 A 

0.331 

3.58 

10 8 

4.2 

0.418 

1 3 58 

8.6 

4 1 

0 388 

3.06 

79 

globe 

4..3 

0 397 

3,10 

78 

4.0 

0 512 

2.98 

5.8 

4.1 

0.491 

2 78 

5.7 

Pan American 

4.2 

0.409 

3.08 

7.5 

3 9 

0.517 

2.68 

5.2 

4.0 

0.495 

2.32 

47 

Rutgers 

4.4 

0.342 

2.69 

78 

4 1 

0.461 

3 15 

6.8 ‘ 

4.1 

0.442 

2 83 

64 

Stokesdale 

4.3 

0 389 

2 70 

6.9 

4.0 

0 477 

2.28 

4 8 

4.2 

0 449 

2 12 

47 

Valiant 

4.3 

0.345 

2 88 

8.3 

40 

0.440 

2.55 

5.8 

4.1 

0.433 

2.27 

5 2 

Wisconsin 













No. 55 

4.3 

0 416 

2 93 

7.0 

4.0 

0.537 

2.45 

4.6 

4.1 

0.517 

2 18 

4.2 

178 A 

4.4 

0.327 

2.80 

8.6 1 

4.2 

0.381 

3.23 

8.5 

4.2 i 

0.352 

2.78 1 

7.5 

178 B 

4.4 

0.273 

2 90 

10.6 

4.2 

0.384 

3.15 

8.2 

4.2 { 

0.357 

2.98 

8.3 

378 

4 5 

0 285 

3.05 

10 7 

4.1 

0.508 

2.95 

5.8 

4.2 

0.488 

2 68 

5 5 

409 

4 5 

0.306 

2 88 

9.4 1 

4.1 

0.376 

2.78 

7.4 

4 1 I 

0.434 

2.77 1 

64 


♦Total acidity expressed as per cent citric acid on fresh weight basis. 
♦♦Sugar content expressed as per cent invert sugars on fresh weight basis. 
tSeed numbered varieties were obtained from Campbell Soup Company. 


that of the fresh fruits, ranging from .376 to .537 per cent in the juice 
after 1 week storage. Acidity of the juice tended to decrease slightly 
during storage so that at the end of 8 weeks, acidity values ranged 
from .352 to .517 per cent. Relative acidity of the different varieties 
remained in about the same order in the fresh fruits and in the two lots 
of juice. Wisconsin No. 55, Master Marglobe, Pan America, and No. 
378 showed the highest acidity in the juice. No. 178 A, 178 B, and 
Garden State were of the lowest acidity of the 1 1 varieties. 
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The pH values were in the same order as the total acidity ridings, 
ranging from 4.2 to 4.5 in the fresh fruit and from 3.9 to 4.2 m the 
pr(x:essed juice. 

Sugar Content and Sugar- Acid Ratios : — ^The sugar content of the 
fresh fruit and the freshly prepared juice was about the same, ranging 
from 2.28 to 3.58 per cent (Table II). Sugar content of the juice de- 
creased slightly during storage in all varieties, with values ranging 
from 2.12 to 3.06 after 8 weeks storage. In general the sugar content 
was inversely correlated with total acidity so that the calculated sugar- 
acid ratios show wider variation among varieties than either sugar con- 
tent or acidity. In the fresh fruit, sugar-acid ratios ranged from 6.9 in 
Stokesdale to 10.8 in Garden State. Lower ratios were found in the 
freshly prepared juice, ranging from 4.6 in Wisconsin 55 to 8.6 in 
Garden State. There was a further slight decrease in the ratios during 
the 8 week storage period. 

It was found that the sugar-acid ratios of the juices were in close 
agreement wdth organoleptic ratings of blandness and acidity. Juices 
with high sugar-acid ratios were bland, lacked sharpness in taste, and 
had a tendency to be “flat”. Juice of Garden State, No. 178 A, and 
No. 178 B were in this category with sugar-acid ratios of 7.9, 7.5, and 
8.3 respectively. On the other hand juices with low latios, such as 
Wisconsin No. 55 (4.2 ratio), Stokesdale (4.7 ratio) and Pan Amer- 
ica (4.7 ratio) were sharp and acid. Observation after longer periods 
of storage have indicated a noticeable change in organoleptic ratings 
of the juices. Data on sugar-acid ratios together with ascorbic acid 
retention values of the juices after storage will be presented in a later 
l)aper. 
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The ££Eect of Planting Design Upon the Amount 
of Seed Produced by Male-Sterile Tomato Plants 
as a Result of Natural Gross-Pollination 

By Charles M. Rick, University of California, Davis, Calif, 

I F a genetically male-sterile plant never produces functional pollen, 
any seeds that it yields must result from cross-pollination. The 
seeds yielded by male-sterile plants under field conditions, therefore, 
provide a measure of the amount of natural cross-pollination. The 
setting of seeds by male-sterile tomato plants probably cannot be 
taken at face value to indicate the amount of natural cross-pollination 
expected of male-fertile plants, because any viable pollen transferred 
to the stigma of a male-sterile tomato flower is likely to function; 
whereas only a fraction of the viable pollen transferred to the stigma 
of a male-fertile flower would be likely to function in competition 
with the abundant pollen that normally migrates from anthers to stig- 
ma of the same flower in the self-pollinating mechanism of the tomato. 
The quantity of pollen transferred from other plants to flowers of 
either type should be similar, however, and the number of seeds set 
by male-sterile plants should suggest the relative amount of natural 
cross-pollination occurring in fertile tomato plants. The use of male- 
sterile plants in such tests also provides information that might reveal 
improved techniques for the production of Fi hybrid tomato seed. 

Preliminary Findings 

Male-sterile tomato plants have been utilized in exploratory tests 
to determine what effect certain variables might have upon the 
amount of natural cross-pollination. These preliminary plantings 
have revealed a profound influence of the variety of fertile pollen 
parent used, ecological factors at different stations (primarily dif- 
ferences in kind and numbers of insect vectors), and planting ar- 
rangement. 

The preliminary plantings were of three types described briefly as 
follows : 

Series A : — In a single planting at Davis, California, one row of 
male-sterile plants was located between two rows of male-fertile 
plants. Included were two male-sterile mutants — ms2 Pearson and 
mss San Marzano — and four different fertile varieties, the varie- 
ties being arranged factorially so that plants of each of the two 
sterile varieties were associated in all combinations with each of 
the four fertile varieties. 

Series B : — A single row of ms^ San Marzano was planted be- 
tween two rows of fertile San Marzano in this series. Plantings of 
this type were made in four different localities. 

Series C : — At one end of the Series B planting a single plant of 
the msz mutant was surrounded by eight fertile plants of San Mar- 
zano. This arrangement was also planted in four different localities. 
Growth was good in all series, the branches of adjacent plants in- 
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termingling by the middle of the season in all varieties except Pear- 
son, which, because of its determinate habit, often touched adjacent 
plants, but seldom mingled with them. . 

Attention will be directed only to the effect wrought by proximity 
of the fertile and sterile branches upon the fruit-setting ability of the 
male-sterile flowers. It was found that the fraction of fruit set during 
any part of the entire flowering season could be satisfactorily meas- 
ured by examining the inflorescences produced throughout the length 
of representative l)ranches. Phe pedicel of a flower that abscisses with- 
out setting a fruit remains as a slender stub and is easily distinguished 
from the greatly enlarged one that has borne a fruit, even if the fruit 
abscisses in early development. 

The fruit-setting performance of four branches from each male- 
sterile plant was recorded in this manner, one branch from each 
quadrant of the j)Iant, thereby including two branches that grew 
toward adjacent plants in the same row% and two that grew toward 
adjacent plants in flanking rows. In Series A and B a pair of branches 
that grew toward other malc-sterilc plants would thereby be com- 
jmred with a pair that were directed tow'ard fertile plants. Series C 
served as a check, since branches in all four quadrants grew toward 
fertile plants. 

The total number of flowers on a branch and the number that pro- 
duced fruit were recorded. Since the branches being compared yielded 
a])proximately tlie same number of flowers, the statistical comparison 
is based only on the total number of fruits produced by each branch. 
For each plant, the total fruit yield of the two branches growing 
parallel with the row is compared with the total of the two growing 
at right angles to the row. The number of fruits set on each pair of 
branches was low (18 or less) and should vary according to the 
Poisson distribution, aside from heterogeneity arising from plant and 
branch differences. Since the variance equals the mean in a Poisson 
distribution, the yields cannot be correctly analyzed unless trans- 
formed to some function that is independent of the mean. Analysis 
of varianc e was therefore applied to Bartlett's (1) transformation, 
V*^' F 0.5, X being the observed number. Table I presents a summary 
of this analysis. 


TABLE I— Analysis of Numbers of Fruits Set On: (a) Branches of 
Male-Sterile Plants That Grew Toward Fertile Plants, and (b) 
Those That Grew Toward Male-Sterii.e IYants 



Senes Af 

Series Bf 

Series Cf 

Number of plants .... 

Mean number of fruits per branch growing: i 

(a) at right angles to the row (i.e., towaid fertile plants in 

rdl senes) 

(b) parallel with the row (t.r., toward male-sterile plants m 

Senes A and B, and fertile plants in Senes C) . 
Variance; 

Between branches 

Between plants 

Error. . ... 

23 

3 28 i 

1.67 

5.29** 

0 927 
0.298 

10 

3.10 

0.80 

.5.20* 

0.449 

0.622 

4 

3.8 

2.7 

0.360 

0.593 

0.230 


tSeries desiioiation is explained in text- 
value is significant at the 0.05 level. 
**F value is significant at the 0.01 level. 
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In both Series A and Series B the branches of male-sterile plants 
that grew toward fertile plants (at right angles to the row) produced 
significantly more fruits than the branches that grew toward other 
sterile plants (parallel with the row). The former were twice as pro- 
ductive in Series A, and nearly four times as productive in Series B. 
This effect was less extreme in the Pearson mutant than in San Mar- 
zano and is probably related to the difference in intermingling oc- 
casioned by the difference in plant habit of these two varieties. This 
varietal difference might explain why differences in branch yields 
were greater in Series B than in Series A. The branches of ^Series C 
that grew at right angles to the row also produced more fruit than 
those running parallel with the row, but the difference is of a smaller 
order, and the F value of this difference, 1.5, falls far short of the 10.1 
required for significance at the 5 per cent level. Since Series C plant- 
ings were made contiguous to those of Series B with identical row 
directions, these results indicate that pollen production of the plant 
toward which the branch grew is responsible for the difference in the 
amount of natural cross-pollination, and eliminates other factors that 
might be associated with orientation of the plantings. 

Currence and Jenkins (3) tested the amount of natural cross- 
pollination in fertile tomatoes as determined by the proportion of 
hybrids in the progeny of plants that differed in genetic seedling char- 
acters. They found that the rate of crossing is greatly affected by the 
distance between plants, the rate being higliest in plants spaced 6 feet 
apart — the closest distance tested — and decreasing rapidly with in- 
creased distance between plants. In effect, the results of the present 
tests substantiate these findings, demonstrating further increases in 
cross-pollination as the distance is decreased to intervals shorter than 
6 feet. These results are also in agreement with the observed habits of 
the native solitary bees that are responsible for the transfer of tomato 
pollen in California. These vectors have been observed at Davis to 
collect pollen from flowers in a very .small area before returning to 
their nest or before flying to other plants at a considerable distance. 


Design of the Test Planting 

The initial experience suggested that the amount of seed produced 
by natural cross-pollination in tomatoes might be modified if the 
pollen and seed parents were planted in different arrangements. Ac- 
cordingly, fertile and male-sterile plants were arranged in three de- 
signs, which provided extreme differences in the amount of contact 
between the two plant types. 

Fig. 1 is a diagram of the three planting arrangements used in this 
test. Equal numbers of fertile (F) and male-sterile (S) plants were 
placed in a simple geometric pattern in each treatment. Treatment 1 
consists of squares of four-sterile plants alternating with squares of 
four fertile plants in a checkerboard arrangement. Of the four plants 
that are closest to any sterile plant — that is, the adjacent plants in 
the same row and those in the flanking rows — two are fertile and 
two are sterile. The next closest group of four — the plants situated 
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F S S F F S F S F S F 8 F S F S F 8 

F s| F S F s| F six X X xj F 

FFSFSFSFXXXX8 
SSFSFSFSXXXXF 
SFSFSFSFXXXXS 
SFFSSFSFSFSFSFSFSF 

TREATMENT I TREATMENT 2 TREATMENT 3 

I'lfi, 1. Diagram of planting designs. F represents a fertile plant; S, 
a inalc-sterile plant; and X, the paired planting of a fertile and a 
male-sterile plant. 

diagonally with respect to rows — also include two fertile and two 
sterile plants. This treatment provides the least contact between fer- 
tile and sterile plants. Treatment 2 is a checkerboard arrangement of 
single fertile and sterile plants. Here the four plants closest to a sterile 
plant are all fertile ; whereas the next four surrounding plants are all 
sterile. In treatment 3 — an interesting arrangement sugj^ested by Dr. 
J. W. Lesley — a fertile and a sterile plant were placed together in each 
of the 16 positions within the plot. Actually, the members of a pair (X) 
were set about 6 inches apart in order to allow the plants to estab- 
lish themselves without immediate competition after transplanting. 
Branches of these i)aired ])lants invaded each other to a large extent, 
I)roviding the greatest degree of intermingling of fertile and sterile 
branches of the three treatments. 

Each of tiie three treatments was replicated three times in a 3 by 3 
Latin square. Adjoining plots were separated by two guard rows, and 
a single guard row surrounded the entire planting. Excepting treat- 
ment 3, the planting arrangement used within a plot was also main- 
tained in the guard row surrounding the jdot. In this way it was pos- 
sible to include exactly the same number of sterile plants as fertile 
ones in the whole planting. The planting was located in the center of 
a large vacant area. A much larger planting of tomatoes lay 100 feet 
to the south of this test planting. The observations give no evidence 
of influence by surrounding plantings. 

It was considered desirable to use fertile and sterile plants of the 
same variety for this experiment, yet some device was needed for 
distinguishing fruits of the two ty])es wherever their branches inter- 
meshed. This requirement was satisfied by mutants that had pre- 
viously been discovered in the variety Pearson. The msz gene is ideal 
for this purpose because it renders the homozygote wholly pollen 
sterile, as demonstrated by a test to be described subsequently yet it 
docs not impair fertility of the ovules (8). Except for the inherited 
male sterility, this line is indistinguishable from the variety Pearson. 
Pollard and Peterson's (7) use of yellow-fruited varieties in guard 
rows of tomato yield plots suggested a means of identifying fruits of 
the two parents. A yellow-fleshed mutant of Pearson satisfied this 





RICK : MALE-STERILE TOMATOES 


277 


requirement, and served advantageously as the pollen parent in this 
experiment. The original plant of this line was discovered by virtue 
of its fruit color in a large commercial field of Pearson. On self- 
pollination this mutant reproduces itself without variation. Since hy- 
brids between it and the standard rr yellow-fleshed stock are also 
yellow-fleshed, this mutant must also carry the r gene or a very simi- 
lar allele. This mutant resembles Pearson in all other respects and 
probably represents a second mutation at this locus instead of a re- 
combination product from a chance outcross between Pearson and a 
yellow-fruited variety. The fruits set on the male-sterile plants could 
consequently be distinguished by their difference in color from those 
of the fertile plants. 

The use of male-sterile plants to measure natural cross-pollination 
as in this test is based on one very important assumption, — namely, 
that the homozygous male-sterile plants never produce pollen that can 
function in self-pollination. This assumjHion was tested as a necessary 
adjunct to the experiment. Five plants of the ms^ mutant were planted 
together with other male-sterile mutants in a group that was isolated 
at least 1,000 yards from any other tomatoes. This planting was made 
under conditions very similar to those of the main experimental plant- 
ing, but was situated about 1 mile from it. These five plants grew to 
very large size, characteristic of unfruitfttl tomatoes. At the end of the 
season the total flower number was ascertained by counting the pedi- 
cels in the method previously described. The five plants had produced 
a total of 5,947 flowers of which 350 had set fruit. All of the fruits 
were found to be parthenocaiquc. Since no seeds whatever were pro- 
duced by these isolated male-sterile plants growing under conditions 
otherwise similar to those of the experiment, it can be safely assumed 
that seeds set by the nts^ individuals in the main test planting were 
derived from cross-pollination. 

Plants used in this experiment were started from early sowings in 
the greenhouse. The male-sterile plants were obtained from backcross 
progenies, the sterile and fertile individuals being readily distin- 
guished by the form and color of their anthers. Additional male- 
sterile plants were also obtained by rooting cuttings from the lower 
stalks of sterile seedlings. The plants were spaced 4 feet apart in rows 
spaced the same distance. Seasonal conditions in 1946 were very fa- 
vorable for tomatoes at Davis as attested by the rapid growth of these 
plants. At the end of the season the ground was fairly well covered by 
plant growth and adjacent plants touched each other in about 75 per 
cent of the cases. 

Results 

The numbers of seeds and fruits produced by each sterile and fertile 
plant were recorded. Parthenocarpic fruits — usually distinguishable 
by their smaller size and very angular shape — were not counted in 
these observations. In addition, a count was made of the number of 
fruits set by a sample of 100 flowers on each of four representative 
sterile plants in each plot. All seeds produced by the sterile plants 
were counted; the much higher seed yield of the fertile plants was 
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estimated from the quotient of Jhe total seed weight and the weight 
of 100 seeds from the same lot. 

The tabulations of total seeds and friuts per plot and the mean 
number of seeds per fruit of both the fertile and sterile groups were 
subjected to analysis of variance (Table II). Since the number of 
fruits set per 400 flowers sampled in each plot was low, it would vary 
according to the Poisson distribution. Bartlett's transformation (1) 
was therefore applied to these data before analysis. 

A similar analysis of fruit and seed yields per plant is also desir- 
able; however, analysis of variance would not be valid because the 
interplant variance tends to vary significantly from one plot to an- 
other without apparent relation to the number of plants per plot or 
any other factor except possibly the row location of plots. Bartlett’s 
(2) test for homogeneity of variances was therefore applied to vari- 
ances of plots grouped according to treatments and also according to 
rows. (Rows refer here to the orientation of plots and not to the 
individual rows of plants). Comparisons by means of the t test were 
then made between the means of plant yields of those treatments (or 
rows) whose plot variances were not heterogeneous. The means and 
permissible tests for significance between them are summarized in 
Table III. 


TABLE III — Fruit anp Seep Production Per Plant Compared 
BY Means of the t Test 


Comparison of 
Treatments 

Means 

t Value for the Difference Between: 

Treatment 

1 1 

Treatment 

2 

Treatment 

3 

Treatments 

1 and 3 

Treatments 
2 and 3 

Treatments 

1 and 2 



Fertile Plants 




Seeds per plant . i 

I 13,900 1 

10,300 1 

7.700 1 

5.05** 1 

9.19** 1 

1 87 

Fruits per plant 1 

i 101 2 1 

111 5 1 

58 3 1 

7 m** ' 

10 6** 1 

1 1.15 



Sterile Plants 




Seeds per plant . I 

1 335.8 

1 391.9 1 

1 486 3 

1 2 73** 

1 " 

1 ^ 

Fruits per plant 

1 14 00 

1 17 27 1 

1 13.04 

1 a 

1 a 

1 a 

Comparison of i 

Row 1 

1 Row 1 

Row 1 

Rows 1 

Rows 1 

1 Rows 

Rows 1 

1 1 

1 2 1 

3 1 

1 and 3 1 

2 and 3 1 

1 1 and 2 



Fertile Plants 




Seeds per plant | 

1 10,750 1 

10,500 1 

12,470 1 

1 1.29 

1 1.36 

1 0.14 

Fruits per plant 

1 75.9 1 

87.3 1 

80.7 1 

1 0.59 

1 0.72 

1 1.28 



Sterile Plants 




Seeds per plant . . i 

I 523 6 1 

441.3 1 

302.5 1 

I 0. 1 

1 

1 1.45 

Fruits per plant | 

1 19.03 1 

14 10 1 

10.72 1 

1 4.31** 1 

I 2.99''* 

1 2.69** 


♦Difference is significant at the 0.05 level. 

♦♦Difference is significant at the 0.01 level. 

a Statistical comparison is not valid because vanances of grouped data are heterogeneous. 


As indicated in Table II, the total seed production per plot of the 
male-sterile plants was significantly higher in treatment 3 than in 
either of the other treatments, the mean seed number being more than 
twice as high in either comparison. A similar situation is found in the 
number of seeds per fruit produced by male-sterile plants, and in the 
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proportion of male-sterile flowers that set fruit. Similar comparisons 
applied to data for fertile plants do not reveal any significant diflPer- 
ences ; in fact> the variance ascribed to treatment is a relatively small 
share of the total variance. This general similarity in yields of the 
fertile plants proves that no differences in environmental conditions 
of the plots could account for the significant differences observed in 
the yields of the sterile plants. 

Since twice as many plants of both types were planted in treatment 
3 than in treatments 1 or 2 (see Fig. 1), it is necessary to consider the 
mean yields per plant — the substance of Table III. Again, the value 
for treatment 3, 486.3 seeds per male-sterile plant, is considerably 
higher than the 391.9 seeds in treatment 2, and 335.8 in treatment 1. 
Statistical significance was found in the difference between treatments 
1 and 3 ; this comparison being the only one warranted by the test 
for homogeneity of variances. The sterile-plant yields exhibit large 
fluctuations, partly accounted for by row differences. The highly sig- 
nificant differences between all of the combinations of row means of 
fruit yields per male-sterile plant indicate considerable heterogeneity 
between rows, a matter that will be considered in the following sec- 
tion. Since row differences exist, it is worthwhile to compare treat- 
ment means within rows, and it is .significant to note diat the mean 
seed yield for male-.sterile plants in treatment 3 was highest in each 
of the three rows. The same analysis applied to the mean yields of 
fertile plants reveals the opposite situation, namely, no row hetero- 
geneity and a significantly lower mean seed yield in treatment 3 than 
in either of the other treatments. According to the data in the two 
tables, this reduction in seed yield reflects an effect of treatment 3 on 
fruit number, but not on the mean number of seeds per fruit of fertile 
plants. 

The aforementioned great variability in seed yields of the male- 
sterile plants was evident in all plots. Since fertile plants were grow- 
ing in these same plots, it is interesting to compare the variability of 
the fertile and sterile plants within each plot. Since the great differ- 
ence in seed yield of the tw'o types would not permit a direct com- 
parison of standard deviations, the coefficient of variation was derived 
for seed yield per plant of the fertile and sterile plants in each plot. 
The mean coefficient for all .sterile plants is 47.1 per cent and for all 
fertile plants, 29.9 per cent. If the coefficients are compared separately 
for each plot, the sterile-plant coefficient exceeds the fertile-plant 
coefficient in eight plots, and the reverse is true in one plot. A bino- 
mial expansion reveals that this disproportionate distribution would 
occur by chance only once in 51 times. 

Seed yields of the sterile plants were plotted on a map of the plant- 
ing to see if high or low levels* of cross-pollination were concentrated 
in any areas. No regularity was observed except possibly a slightly 
higher level in the perimeter of the planting. Irregularity was also 
observed in the position of fruits set on the male-sterile plants. Thus, 
the fruits were not evenly distributed over the plant, but tended to be 
clustered in one quadrant or even in a single branch, as if the insect 
vectors preferred flowers in certain positions. 



RICK : MALE-STERILE TOMATOES 


281 


Discussion 

The results obtained in this test of planting designs generally agree 
with those of the preliminary plantings. The highest seed yields would 
be expected in sterile plants that invaded fertile plants to the greatest 
extent, as they did in treatment 3. For similar reasons, the yield of 
treatment 3 should greatly exceed that of treatments 1 and 2, and the 
yield of treatment 2 should exceed that of treatment 1, but not by so 
large an extent. The data expressed in yields per plot bear out these 
assumptions. The seed yields per plant rank in the expected order, 
and differ significantly in the only permissible comparison of the three 
— namely, between treatments 1 and 3. The crowding of plants in 
treatment 3 resulted in smaller growth of both the fertile and the 
sterile plants. Corresponding to their smaller growth, the fertile plants 
of treatment 3 yielded only about half as many fruits and seeds as in 
other treatments. If, in spite of this decreased plant size, the sterile 
plants in treatment 3 were still able to exceed the seed yield of those 
in other treatments, the former must have been subject to a much 
higher intensity of cross-pollination. This conclusion is verified by 
two findings : — the mean number of seeds per fruit, and the propor- 
tion of flowers that set fruit were significantly higher in the sterile 
plants of treatment 3 than in those of other treatments. 

The preliminary findings might be interpreted to predict a dilfer- 
ence of a higher order between treatments 1 and 2 ; however, the effect 
of branch direction in this first test was greater in the indeterminate 
variety than in the determinate one, the latter variety, Pearson, being 
used again in the test of planting designs. 

It was noted that in treatment 3, the paired fertile and sterile plants 
grew in fair equilibrium ; the sterile plant did not tend to overcrowd 
the fertile member. It is questionable whether indeterminate varieties 
would behave similarly, because branches of their sterile representa- 
tives greatly outgrow those of the fertile plants. At the time of trans- 
planting, the pairing of sterile and fertile plants of similar size in treat- 
ment 3 was attempted, but even large differences between members of 
a pair were unavoidable. If this initial advantage were to give a fertile 
or sterile plant the opportunity to overcrowd its mate later in the 
season, a negative correlation between yields of the two types might 
be expected. The calculated correlation coefficient, +0.279 does not 
reveal any such tendency ; at least if this tendency did exist, it was 
obscured by the much stronger tendency for both members of a pair 
to respond similarly to environmental conditions. 

Row heterogeneit> is unmistakable in the mean fruit yields per 
male-sterile plant and is also suggested by the mean seed yields 
(Table III). Also, a relatively high variance attributable to rows was 
noted for total fruits per plot, but this value was not high enough to 
indicate a significant heterogeneity (Table II). It is unlikely that 
this difference between rows is inherent in a difference in soil, amount 
of irrigation, or other environmental factors because the same analy- 
sis applied to fertile plants growing in the same plots does not reveal 
any such heterogeneity. Instead, the difference should be sought in 
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the plants themselves. The row heterogeneity of the sterile-plant yields 
is contributed chiefly by the fact that values of row 3 are much lower 
than those of rows 1 and 2. The sterile plants of row 3 were notice- 
ably smaller, corresj)onding to their decreased seed and fruit yields ; 
on the other hand, the percentage of their flowers that set fruit was 
not lower. One possible explanation of the smaller growth is the fact 
that the sterile plants in row 3 were propagated by rooting cuttings 
from male-sterile plants identified in the greenhouse. Cuttings of 
determinate varieties apparently develop into smaller plants ; in fact, 
if cuttings are taken from distal shoots of mature determinate plants, 
they often cease growth altogether after developing one or two leaves, 
A cutting taken from any position in a determinate plant seems to 
retain the determination of growth peculiar to that position. 

Heretofore the high cost of labor required for emasculation and 
pollination, and, as discussed recently by Larson (5), the inconveni- 
ence of hiring large crews for the short period of pollination, consti- 
tute serious obstacles to the commercial production of hybrid tomato 
seed. Now genetically male-sterile plants can be used to circumvent 
emasculation. Furthermore, the present experiment suggests that 
cross-])oll illation by insects might be utilized as a supplement to, or 
possibly even as a substitute for, hand -pollination in the production 
of Fi hybrid seed. Although the yield of hybrid seed set on male- 
sterile plants by insect pollination is low in comparison with the seed 
yield of fertile plants, it amounts to 486 seeds per plant or more than 
1 ,000,000 seeds per acre in treatment 3 under conditions of the i)resent 
tests. Hybrid seed yields in all treatments would surely be welcome 
supplements to seed crops resulting from hand-pollination. Whether 
cross-jjolli nation by insects alone would ever be adequate for the pro- 
duction of hybrid tomato seed is uncertain; however, the following 
points might be considered in relation to this proposal : 

1. Seed or Fruit of the Fertile Parent Could Be Utilised: — In this 
respect the production of hybrid tomato seed would possess an ad- 
vantage not enjoyed by the current methods of producing hybrid 
corn seed. The inbred parents of hybrid corn are relatively low 
yielding and rather worthless in themselves, whereas vigorous tomato 
hybrids have been obtained repeatedly from parents that are impor- 
tant commercial varieties — for example, Pritchard, Rutgers, and 
Earliana (4, 5). 

2. Imectieides Used to Combat Destructive Insects Might Lower 
the Production of Hybrid Seed by Killing the Pollen Vectors: — The 
arsenates used to control hornworms and various fruit worms are 
known to be very harmful to honey bees. Two dustings were applied 
in the present experiinent, and for a few days following each appli- 
cation the native solitary bees, that are responsible for transferring 
tomato pollen were observed to be less abundant, actual counts of 
their frequencies not being attempted. After a period of 3 or 4 days, 
however, the vectors seemed to resume their usual activity ; notwith- 
standing many bees might have been killed by the insecticide. Similar 
observations have been made of the frequency of visits of honey bees 
and native solitary bees to alfalfa flowers following applications of 
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DDT (6). Although this does not seem to be a serious problem, it 
would seem advisable to limit applications of insecticides to the very 
least amount necessary to check destructive worms, and to select 
insecticides that are least toxic to the pollen vectors. 

3. // Sterile and Fertile Plants Are Paired as in Treatment 3 oj 
the Present Experiment, Some Reliable Method of Distinguishing 
Fruits oj the Two Parents Will Be Needed: — Differences in fruit 
shape, the use of such genic markers as Yy for difference in skin 
color, Jj, determining the presence or absence of abscission joint in 
the pedicel, or the Rr fruit color difference employed in the present 
experiment might be used. Only those genes could be used that would 
not have an undesirable expression in the Fi hybrids. In regard to 
point 1, it might be necessary to incorporate the recessive marker in 
the male-sterile parent. 

4. The Cost oj Plant Production Would Need to Be Considered: 
— Seeds must be sown earlier than usual in order to have plants 
flowering for identification of male-sterile individuals at the time of 
transplanting. Plants that have reached the flowering stage are often 
leggy, but well adapted to propagation by cuttings. It is possible 
thereby to increase the number of male-sterile plants by five to seven 
times. For the reason previously mentioned, this practice might not 
be satisfactory with determinate varieties. 

5. Higher Yields oj Hybrid Seed Can Be Obtained by Adjustment 
oj Other Factors: — The preliminary tests revealed, in addition to 
the effect of distance, a marked influence of the variety of the pollen 
parent upon the amount of cross-pollination. Thus, pollen parents 
that were more effective and others less effective than Pearson in 
this respect were found. A difference in seed-yielding capacity of the 
variety of the male-sterile parent used is also conceivable. Further- 
more, great variation in the amount of cross-pollination was observed 
in different localities, the levels of crossing being both higher and 
lower than those obtained at Davis. The evidence already available, 
therefore, suggests that ai)propriate combinations of seed and pollen 
parents, localities, and planting designs might further increase the 
yield of hybrid seed resulting from natural cross-pollination. 

Summary 

In preliminary tests, branches of male-sterile tomato plants that 
grew toward adjacent fertile plants set more fruits by natural cross- 
pollination than those that grew toward other male-sterile plants. 
Subsequently, the amount of natural cross-pollination was tested in 
different planting arrangements, each of which included equal num- 
bers of fertile and male-sterile plants of the variety Pearson. Here, 
also, the production of fruits and seeds by male-sterile plants varied 
according to the distance between fertile and sterile branches. The 
highest yield per plant of hybrid seed — 486 seeds or about 4 per cent 
of the mean yield of fertile plants — was obtained when fertile and 
male-sterile branches intermingled in an arrangement in which the 
two types of plants were spaced 6 inches apart in pairs, the pairs being 
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set at the regular planting distance. The smaller growth of the plants 
resulting from these crowded conditions was offset by a significantly 
larger number of seeds per fruit, and a significantly larger proportion 
of flowers that set fruit. The great variability noted in seed yields per 
male-sterile plant and in other observations reveal certain aspects of 
the habits of the insect vectors that are responsible for transferring 
tomato pollen. The bearing of these findings on the production of 
Fi hybrid seed is discussed. 
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Effect of Date of Sowing, Spacing and Foliage Trimming 
of Plants in Flats on Yield of Tomatoes^ 

By Ernest H. Casseres, Cornell University, Ithaca, AT. Y, 

T he first two weeks of the tomato season are usually the most 
remunerative for the market gardener so ways of securing a good 
first early crop are always sought. With this in mind, some market 
gardeners in certain areas of New York sow their tomato seed too 
early ; consequently their plants are likely to be overhardened at field 
setting time. Some growers practice various forms of foliage removal 
or ‘"trimming”. The distance at which plants are grown in the flats 
prior to field setting varies. 

Reports on the effect of trimming tomato plants (without topping 
them) before setting them out in the field indicate that the practice 
is of no advantage in promoting earlier maturity. Hardening has been 
shown by various investigators to be either of no advantage or detri- 
mental to the early yield of tomatoes. Spacing of the plants in the flats 
prior to field setting, as it affects the early and total yields, appears 
to have received little or no attention from the experimental point of 
view. 

Most of the experimental evidence available gives information sepa- 
rately on the effect of hardening and of trimming. This study was 
planned to bring together these two factors with the addition of the 
factor of spacing in the flats, all combined into one factorial experi- 
ment in an effort to obtain information which might be of value to 
commercial tomato growers, especially market gardeners specializing 
in the early trade. 

This paper reports, therefore, on the influence of three cultural 
practices followed in the greenhouse as they affect the early and total 
yield of tomatoes in the field as obtained under New York growing 
conditions in 1945. 

The factors considered are : 

1. Date of sowing the seed in flats: February 15, March 15, 
April 12. 

2. Spacing of plants in the flats : 2 by 2 and 4 by 4 inches apart. 

3. Removal of various amounts of foliage from the plants while 
still in the greenhouse. This involved no topping since the 
longer leaves were brought together above the growing point 
and clipped off. 

The three lots of seed sown 4 weeks apart were of the Earliana 
variety, Morse 498 strain. The plants were grown in the greenhouse 
in flats until the field setting date on May 31 under the usual green- 
house cultural methods except for the differential .treatments sum- 
marized in Table I. 

^Paper No. 287. Department of Vegetable Crops, Cornell University, Ithaca, 
New York. 

The author is indebted to Dr. H. C. Thompson, Department of Vegetable 
Crops, Cornell University, under whose direction this work was carried out, 
for his guidance and constructive suggestions. 
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TABLE I — Summary cf Differential Treatments Given in the 
Greenhouse Before the Plants Were Set in the Field 


Date 

Seed Sown 

Date 

Pricked Out 

1 Spacing 

m Plats 

1 

1 Number 
Times 
Trimmed 

Weeks Old 
at Field 
Setting 

Date 

Field 

Set 

Peb 15 

Mar 5 

2X2 

4X4 

4 

15 

May 31 



2X2 

4 X4 

0 

15 

May 31 

Mar 15 

Apr 2 1 

2X2 

4X4 

2 

11 

Moy 31 



2X2 

4X4 

0 

11 

May 31 

Apr 12 

May 5 

2X2 

4X4 

1 

7 

May 31 



2X2 
i 4X4 

0 

7 

May 31 


The plants grew, up to the time of field setting, for periods of 7, 11 
and 15 weeks in flats which allowed either 8 or 32 cubic inches of soil 
per plant. Half of them received the trimming treatment. Three repli** 
cations of a 10-plant row of each treatment were made, making a total 
of 360 plants set in a fertile Chenango gravelly silt loam on a farm 
near Ithaca, New York. 

Fruit harvested from August 1 to August 16 was considered the 
early yield and the total yield comprised the fruit picked during the 
entire harvest period of 5 weeks. Sound fruit over 2 ounces in weight 
was considered marketable. The early yields by weight are given in 
Table II. 


TABLE II — Effect of Time of Sowing Seed and of Spacing of Plants 
IN Flats on Early Yifxd of Fruit (Pounds) Harvested From Six 
Plots of Ten Plants Each* 


Date 

Seed Sown 

Spacing in Flats 

Total 

Per Sowing 
(Pounds) 

Average 
Twelve Plots 
(Pounds) 

2 Inches X 2 Inches 
(Pounds) 

4 Inches X4 Inches 
(Pounds) 

Feb 15 

8 65 

34 65 

43.30 

3.60 

Mar 15 

15.65 

59.30 

74.95 

6.24 

Apr 12 

16.60 

90 05 

106.65 

8.88 


Total weight 40.1K) 184.00 

Aver, weight of 18 plots 2 27 10.22 

Least difference for significance at odds of 99:1 

Between average yields of 12 plots at each date of sowing . .... .1.94 

Between average yields of 18 plots at each spacing in the flats . .1.59 

*The analysis of variance showed no significant differences between trimmed and untrimmed 
plants and for this reason the data are condensed to show only the effect of the other two factors. 

The analysis of variance for the early yield data given in Table II 
showed highly significant differences for date of sowing and for spac- 
ing of plants in the flats as well as for their interactions. Foliage 
trimming did not produce any significant differences. When the plants 
were grown at the wider spacing in the transplanting fiats the differ- 
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ences in early yield due to age were more striking than when the 
plants were grown closer together. A notable superiority in early 
yields was shown by plants grown from seed sown April 12 spaced at 

4 by 4 inches in the flats. Such plants yielded 5.4 times more early 
fruit than plants of the same age grown at 2 by 2 inches until field 
setting time. 

The marketable fruit harvested during the entire harvest season of 

5 weeks is shown in Table III. As in the case for the early yields, 
trimming did not produce any significant differences in the total 
yields, hence the data are again condensed. 


TABLE III — Effect of Time of Sowing Seed and of Spacing of Plants 
IN Flats on the Total Yield of Fruit (Pounds) Harvested From 
Six Plots of Ten Plants Each 


Date 

Seed Sown 

Spacing in Flats 

Weight 

2 Inches X 2 Inches 
(Pounds) 1 

4 Inches X 4 Inches 
(Pounds) 

Total Per JJowing 
(Pounds) 

Average Twelve 
Plots (Pounds) 

Feb 15 

365 50 

541.10 

906.60 

75.57 

Mar 15 

437.05 

796.80 

1233.85 

102.82 

Apr 12 

575.90 

8.58.40 

1434.30 

119.52 


Total weight 1378 45 2l9fi.30 

Aver, weight of 18 plots 229 73 366 11 


Least difference for significance at odds of 99:1 

Between average yields of 12 plots at each date of sowing . . , , 13.72 

Between average yields of 18 plots at each spacing in the flats . .11.16 


Larger total yields were obtained by sowing the seed later and 
growing the plants at the wider spacing in the transplanting flats, as 
shown by the data in Table III. The analysis of variance showed that 
the odds were higher than 99 : 1 in favor of the later dates and the 
wider spacing in the flats. The interaction of both factors was signifi- 
cant at odds of 19:1. Trimming the foliage had no significant effect, 
with one exception. Only when a separate analysis was made for the 
yields from plants started in February did the untrimmed controls 
give significantly higher yields at odds of 19: 1 over plants of the 
same group which were trimmed four times. 

The first fruit to ripen on normal tomato plants are those borne on 
the first and second clusters and the number that ripen influence the 
size of the early yield. Records kept during blossoming and matura- 
tion showed that plants grown from seed sown in April and set in the 
field when 7 weeks old produced a great many more fruit on the first 
two clusters than plants from sowings of the previous two months, 
with highly significant differences. Trimming had no significant effect. 

At the end of the harvesting period after all the marketable ripe 
fruit and culls had been picked off the vines, the remaining green 
fruit was counted and weighed. The resulting data indicated that 
while the plants of the three ages set approximately the same number 
of fruit, the youngest plants ripened a greater portion of their fruit 
during the S-week harvest period and the older plants still had much 
green fruit left on them when picking ceased. 
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Summary and Discussion 

Early and total yields of tomatoes from plants started in flats in the 
greenhouse on February IS, March IS and April 12 and planted out- 
doors at the same time were highly significant with differences favor- 
ing the later plantings. All plants were grown in the greenhouse until 
May 31 when they were set out in the field. 

The plants were grown in the transplanting flats at 4 by 4 and at 2 
by 2 inches apart which allowed 32 and 8 cubic inches of soil per plant 
respectively. The wider spacing gave significantly higher early and 
total yields over the entire experiment. The advantage of the wider 
spacing was especially noticeable in the early yield of the plants from 
April sown seed. In that group, plants grown at 4 by 4 inches apart 
in the flats for 7 weeks produced in the field more than five times the 
amount of early fruit produced by plants started at 2 by 2 inches in 
the flats. The difference may be explained by the fact that the many 
fine new roots in the youngest plants grown at 4 by 4 inches apart 
were probably only very slightly disturbed at field setting time allow- 
ing rapid continuation of vegetative growth, whereas there was both 
an increase in the damage caused to the roots at field setting time and a 
general set-back apparent at that time as the plants wci grown closer 
together and for longer periods in the flats. 

There appeared to be a definite relation between the condition of 
the plants when they were set in the field and the early and total yields 
produced. Young jdaiits that were tender and capable of quick growth 
resumption after field setting were factors associated with large yields. 
This is in agreement with the results of Babb’s (1) study on the rate 
of root grow’th made by tomato seedlings after transplanting which 
.showed that subseciucnt rate of growth rather than large initial size 
was most closely associated with earliness of maturity. The treatments 
of the experiment herein reported which resulted in hardening re- 
duced the early yields in proportion to the degree of hardening. This 
is in accordance wdth previous reports on the effect of hardening (2, 
3, 4, 6, 9, 10, 11). 

Foliage trimming was practiced on half of the plants in the flats 
according to a custom followed by some growers. The treatment, 
wdiich consisted in removing parts of the longer leaves without top- 
ping the plants, was especially detrimental to the appearance and con- 
dition of the older plants but did not reduce or increase the early or 
total yields significantly. Exception is made of the plants started in 
February which w’^ere trimmed four times and which did show a 
significant total yield reduction in a comparison with untrimmed 
plants of the same age. These results confirm many reports on pruning 
(5, 7, 8, 12, 13, 14), which show that under various conditions re- 
moval of vegetative tissues does not favor an increase in the early 
yields and has little or no effect on the total yields. 

Results obtained in the experiment favored at odds of more than 
99: 1 the sowdng of tomato seed 7 weeks prior to field setting rather 
than 11 or more weeks in advance. This suggests the desirability of 
further study over a period of several seasons to determine the effect 
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of sowing seed at intervals between 6 and 11 weeks before the field 
setting date. The experiment also showed an advantage in earliness 
deriv^ from wider spacing of the plants in the flats before field 
setting. This indicates the need of determining the influence of spac- 
ings between 2 and 4 inches, and also suggests that under certain 
conditions the use of deeper flats than those used in this work may 
prove beneficial by allowing more soil per plant without increasing 
the greenhouse area required. 
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Studies Related to Field Plot Technique 
With Tomatoes^ 

By T. M. CuRRENCE, University of Minnesota, St. Paul, Minn, 

I NFORMATION on the efficiency of different size and shape of plots for 
field experiments with tomatoes and the amount of competition 
iKtween plants grown at different spacings should be useful in making 
variety trials and other types of experimental plantings. Conditions 
related to the problem are variable in different locations and the work- 
er can best adjust the size and shape of plots to meet his particular 
conditions or type of experiment if he is aware of their comparative 
efficiency. 

For this study a block of 864 John Baer tomato plants w^ere grown 
and records were taken on yields and earliness. Plant spacing was 6 
feet between rows and 3 feet in the rows so that the area was 144 by 
108 or 15,552 square feet in size. In analyzing the data, it was assumed 
that six treatments or varieties w^ere being tested in a randomized 
block arrangement. There w^ere no missing plants, but 16 were badly 
diseased or injured otherwise, and obviously did not produce normally. 
In these instances a calculated yield was used which was the average 
of the four adjacent plants. The plots were assumed to be 1, 2, 3, 4, 6, 
9, 12, 18 and 36 plants in length and 1^ 2, and 4 plants in width, each 
length being combined w’ith each of the widths. Thus the maximum 
plot was 108 by 24 feet in size, being four rows wide and 36 plants 
long. The minimum size w'as a single plant, the plot being 3 by 6 feet. 
Total degrees of freedom were 863 for the single plant arrangement 
with six treatments per block. There were 144 hypothetical blocks or 
143 degrees freedom for blocks and 720 for error. For the maximum 
plot size, 36 plants long and 4 rows wide there wxre 144 plants per 
plot and only one hypothetical block for the six treatments with five 
degrees of freedom all of which went into error. Tables I, II and III 
are presented as illustrations of the calculations made in finding the 
different standard errors. Table I shows calculations for the entire 


TABLE I— Analysis of Variance of Early Yield on Individual 
Tomato Plants 


Variation 

Degrees 

Sum of 

Mean 

Standard 



Freedom 

Squares 

Square 

1 

Error 

Cent of Mea n 

Between blocks . . 

143 

297 969 

2.084 



Within blocks 

1 720 

859.095 

1.194 

1093 

67.03 

Total 

863 

1157.064 

— 

1 

— 


population when individual plants were considered as entire plots. 
Such plots are characterized by high variability in relation to their 
mean yields. Table II gives the calculations on data that were obtained 
by adding two plants consecutively in the rows. Table III also repre- 
sents plo ts that were two plants in length but in this case four adjacent 

‘Paper No. 2333 of the Scientific Journal Series Minnesota Agricultural Ex- 
periment Station. 


290 



CURRENCE : FIELD PLOT TECHNIQUE 


291 


TABLE II — Analysis of Variance on Early Yields of Tomato Plots 
Composed of Two Consecutive Plants in the Row 


Variation 

Degrees 

Freedom 

Sum of 
Squares 

Mean 

Square 

Standard 

Error 

S.E. in Per 
Cent of Mean 

Between blocks ... . 

71 

481.757 

6.785 





Within blocks 

360 

1038.180 

2.884 

1.698 

52.07 

Total 

431 

1519.937 

— 

— 

— 


TABLE III — Analysis of Variance on Early Yields of Tomato Plots 
Composed of Two Consecutive Plants in the Rows and Four Ad- 
jacent Rows 


Variation 

Degrees 

Sum of 

Mean 

Standard 

S.E. in Per 

Freedom 

Squares 

Squaie 

Error 

Cent of Mean 

Between blocks .... 

17 

157.326 

9.254 





Within blocks 

90 

2353.232 

26.147 

6.113 

39.20 

Total 

107 

2510.658 

— 

— 

— 


rows were combined to make up plots that were two jilants in one 
direction and four plants or rows in width. In this way, additional 
combinations of length and width of plots were made up. 

Harvesting began July 24 and ended September 20. Fifteen pick- 
ings were made over this period with intervals of 3 to 6 days between 
pickings. Ripe fruits of individual plants were harvested and weighed 
in grams and converted to pounds after all pickings were added. The 
analysis of variance calculations w'ere on pound yields and were made 
on the first seven pickings as representing the early yields and on the 
entire season to represent total yield. Standard errors in percentage of 
the means are sliowm in Table IV. They are based on the variance 

TABLE TV-Standard Errors, Early and Total Yields in Percentage 
OF Mean of Different Size and Shape Plots of Tomatoes 


Width of Plots Length of Plots in Number of Plants and Feet 


Feet 

Rows 

I 1(3) 

2(6) 

3(9) 

4(12) 

0(18) 

9(27) 

12(36) 

18(54) 

36(108) 

^ 1 

1 i 1 

1 67.03 i 

1 52.07 

Early Yield 

1 43.82 1 41 03 1 

1 36.15 1 

1 27.76 1 

1 25.68 1 

1 21.88 

1 14.90 

12 


51.41 

41 60 

35 42 

33 95 1 

29.68 

26.22 

24 79 

23.31 

19.40 

24 1 

1 4 1 

1 45.00 1 

1 39.20 

1 35.72 1 

36 05 1 

1 33.28 

1 31.91 i 

1 31.17 

1 22.40 

1 28.14 

6 1 

1 1 1 

1 25.32 1 

1 17.23 

Total Yteld 

1 14 52 1 12 34 1 

1 10 44 1 

1 9.01 1 

1 8.03 1 

1 7.07 1 

1 5.55 

12 

2 

24.30 

13.14 1 

1 11 53 1 

10.36 1 

9 27 

7.89 

7.31 

7.08 

5 69 

24 1 

1 4 1 

1 12.43 1 

1 9.52 1 

1 8.30 1 

9.29 1 

1 7.43 1 

1 6.36 1 

1 6.34 1 

1 6.37 1 

1 4.60 


within blocks and are thought to furnish a usable method for compar- 
ing the relative efficiency of different plots. The larger plots produced 
smaller errors and for early yields a long, narrow plot was more ef- 
ficient than the same area in a short wide plot. As an illustration of 
this, it may be seen that the plots of three plants in length and four 
plants wide contain the same number of plants and the same area as 
that of the single row plots 12 plants long. The gain due to plot shape 
is the difference between an early yield error of 25.68 and one of 35.72 
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per cent. For total yield this gain due to a long, narrow plot was not 
apparent; the respective figures for the above plots being 8.03 and 
8.30. However there does seem to be a small but rather consistent 
reduction when long plots are compared with wider ones haying the 
same number of plants. Table V was made up from Table IV in order 
to compare different plots for efficiency in the use of space. The for- 

(S.E.)2 

mula used for the figures is N = . The difference of 10 per 

(3.5) 

cent was chosen arbitrarily as one which would probably represent 
some financial significance to the grower and would amount to 1000 
pounds if the yield were 5 tons per acre. It is well known that large 
plots reduce the standard error and therefore the required number of 
replicates to demonstrate the significance of a given difference. Under 
conditions that limit available space for a test it is generally recognized 
that small plot size with numerous replicates will provide greater effi- 
ciency in measuring a given percentage difference. Table V illustrates 


TABLE V— -Number of Different Size and Shape or Tomato Plots 
Required to Give an Efficiency Adequate for Demonstrating Statis- 
tical Significance of a Ten Per Cent Difference Between Means 


Width of Plots 


Length of Hots in Number of Plants and Feet 


Feet j 

Rows 

1 

)(3) 

2(6) 

3(9) 

4(12) 

6(18) 

0(27) 

12(36) 

18(54) 

36(108) 

^ 1 

1 i 1 

1 mr^ 1 

1 222 1 

Early Yield 

1 156 1 137 1 

1 106 1 

1 02 1 

1 53 1 

1 38 { 

I 18 

12 


216 

141 

1 102 1 

1 94 

72 

56 

60 

4.5 

30 

24 1 

1 4 1 

1 106 1 

1 125 1 

1 104 1 

1 106 1 

1 90 1 

1 83 1 

1 79 1 

1 41 1 

1 64 

^ 1 

1 ^ 1 

1 ^>2 I 

1 24 i 

Total Yield 

1 17 1 12 1 

1 9 1 

1 7 1 

1 5 1 

1 4 1 

1 3 

12 

2 

48 ' 

14 

10 

9 i 

7 

0 

4 



24 

1 4 

1 12 

1 7 

1 G 1 

1 7 

1 4 1 

1 3 1 

1 3 1 

1 3 1 

1 2 


this and shows that the greatest number of replicates is needed for the 
minimum plot size of single plants but when the area required to 
measure a 10 per cent difference is calculated, it is noted that the 
smallest plots require the minimum of total area. For total yield the 
area required per treatment for single plant plots would be 936 square 
•feet and that for the largest plots would be 5184 square feet. The basis 
for this is, of course, the fact that significance of a difference depends 
on the standard errors of the two means the size of which are largely 
dependent on the number of observations upon which the means are 
based. In small areas such as greenhouse tests it is usually preferable 
to utilize the smallest practical plot size in order to secure the largest 
practical number of replicates. Considering that tomatoes are common- 
ly grown as a highly intensive greenhouse crop as well as under dif- 
ferent forms of culture outdoors and tests will be made under such 
conditions it seems apparent that a given plot size and shape would 
not prove feasible for all tests. Certain tests under field conditions 
might justify the use of extremely large plots where land and labor 
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are sufficient to maintain such a planting. It also is apparent that re- 
ducing the number of replicates facilitates the keeping of records, and 
the calculations required in summarizing results. Yield records on 
tomatoes are multiplied by the necessity of harvesting the crop several 
times which gives emphasis to the desirability of restricting calcula- 
tions and tabulating without reducing the general efficiency of a test. 
On the other hand, it is possible to visualize a condition of adequate 
clerical and technical assistance but limited field space, field labor or 
field equipment. Carrying out of earliness or yield tests under- such 
conditions would indicate the use of small plots with numerous 
replicates. 

It is seen from the data on early yield in Table V that it is more 
expensive to compare strains or treatments for yield of early fruits 
than it is to compare them with the same degree of accuracy for total 
yields. The minimum number of replicates required to test a 10 per 
cent difference is 18 for the single row, 36 plants long. The square feet 
area needed for a single treatment is 11,664. If 10 treatments are to be 
compared, the land needed would be more than two and one-half acres. 
Or if the minimum plot size (single plant) is used in order to save 
space, the large number of replicates required becomes prohibitive 
amounting to 3,650 plots for 10 treatments. It would be very laborious 
to handle the details involved in such a test. Fortunately the recording 
of dates at which plants ripen fruit and getting average dates when a 
number of plants are involved is a fairly satisfactory measure of earli- 
ness. If statistical comparisons were desired from plots containing 12 
plants each the records would show the elapsed number of days from 
any desired base up to the date when 12 ripened fruits were produced 
on the plot. Such data for dates of ripening were obtained on the 
individual plants of this planting. Individual plant observations were 
averaged when larger plots are used. For single plants the date of 
ripening standard error was 36.89 per cent of the mean and for early 
yield'it was 67.03 per cent of the mean. Variation was reduced almost 
half and suggests that if earliness is the major factor to be tested ripen- 
ing dates may be preferable to early yields. Table VI represents the 


TABLE VI — Standard Errors in Percentage of the Means for Average 
Date of Ripening of Different Size and Shape Pi-ots or Tomatoes 


Width of Plots 


Length of Plots in Plants and Feet 


Feet 

Rows 

1(3) 

2(6) 

3(9) 

4(12) 

6(18) 

9(27) 

12(36) 

18(.54) 

30(108) 

6 

1 

36.9 

28.3 

20.8 

20:8 

18.8 

13.6 

14.6 

11.7 

7.3 

12 

2 

26.6 

20.0 

10.8 

16.3 

14.1 

12.6 

12.5 i 

11.7 

0,6 

24 

4 

19.4 

16.6 

14.3 

13.6 

13.0 

11.7 

11.6 1 

11.3 

10 4 


standard errors in days when this was done on the planting in the 
same manner that yields were used for Table I. Obviously the use of 
early yields is not to be entirely condemned when their use can be 
combined with comparisons on total yield because the pickings and 
recordings must be made anyway. The tomato grower will usually pre- 
fer data on the amount of crop produced in the early part of the season 
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rather than that on the time required for production to start. There- 
fore, it may at times be desirable to use rijiening dates in combination 
with early yields when it is not practical to depend entirely on one or 
the other types of data. 

That ripening dates and early yields are directly associated may be 
taken for granted, but in order to demonstrate the degree of associ- 
ations for the various plot sizes and shapes correlation coefficients 
have been calculated by covariance and are presented in Table VII. In 


TABLE VII — Correlation Coefficients Between Early Yield and 
Average Date to Ripening of Different Size and Shape Plots of 
Tomatoes 


Width of Plots 


Length of Plots in Plants and Feet 


Feet 

Rows 1 

1(3) 

2(0) 

3(9) 

4(12) 

0(18) 

9(27) 

12(30) 

18(54) 

36(108) 

6 

1 

-0 472 

-0,578 

-0.0.36 

-0 587 

-0.534 

-0 633 

-0 501 

-0 662 

-0.588 

12 

2 

-0 ftfiO 

-0 600 

-0.670 

-0 031 

-0.092 

-0.709 

-0 653 

-0.740 

-0.859 

24 

4 

-4) 48f) 

-0 708 

-0.790 

-0 882 

-0 807 

-0 847 1 

- 0.826 

-0 861 

-0.868 


all cases there is a statistically significant negative value for r indi- 
cating that under the conditions of this test the plots which first came 
into production also produced the greater yields for the first seven 
pickings. In general the r values are lower for the smaller size of plots. 

Competition Between Plants 

In the event that single ])lant plots are to be used, the question may 
arise as to conqietition between plants. It is apparent that a small plant 
growing beside a large one will be at a disadvantage if there is com- 
petition. There are records available on this which suggest the possi- 
bility of spacing iilants far enough apart to largely eliminate the possi- 
bility of competition. The data on this are yields per plant from dif- 
ferent spacings, varying from 1 by 4 to 4 by 4 for three varieties of 
(iuite diflferent plant types and three types of training. The yields per 
plant are summarized in Table VIIT. 

It is evident that Dwarf Champion and Pritchard did not show sig- 
nificant competition between plants at the 4 by 4 spacing even wdien 
grown without staking or pruning, the yields per plant being m in- 
significantly greater at the 3 by 4 thcin at the 4 by 4 for both varieties 
for the untreated. Break O’ Day is a variety that grew to a relatively 
large plant under the conditions of these studies and produced a lower 
yield per plant at the 3 by 4 than at the 4 by 4 spacing. Evidently when 
grown without .staking, this variety needed at least 4 by 4 spacing to 
reduce conqietition between plants to a minimum while the other two 
varieties were spaced 3 by 4 without significant inter-plant competition. 

When grown on stakes without vine pruning the yield per plant was 
not reduced for any of the varieties until the spacing was reduced to 2 
by 4 feet where it became definitely smaller in all cases. When pruned 
and staked the Break O’Day and Pritchard types seem to definitely 
show competition at 2 by 4 feet but the Dwarf Champion yield per 
plant was not markedly reduced even by the 1.5 by 4 feet spacing. 
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TABLE Vm — Pounds per Plant Yield or Marketable Tomatoes for 
Five Spacings of Three Varieties and Three Types of Training 


spacing (Feet) 

Dwar£ Champion 

Break O' Day 

Pritchard 


Untreated 


1.0 X4 

2.60 

4.10 

3.96 

1.5 X 4 

3.34 

6.66 

5.23 

2.0 X 4 

4.31 

7 40 

7.16 

3.0 X 4 

5..50 

10.18 

11,99 

4.0 X 4 

6.15 

11.71 

10.82 


Staked, N<d Pruned 


1.0 X 4 

2.58 

3.56 

4.37 

1.6 X 4 

! 3.65 

5.92 

5.30 

2.0 X 4 

i 4.46 

6.60 

6.95 

3.0 X 4 

1 5.87 

9.79 

10.11 

4.0 X 4 

1 5.89 

9.22 

8.00 


Staked and Pruned to Three Steffts 


1.0 X 4 

2.10 

3.02 

3..35 

1.6 X 4 

2 60 

4 76 

3 71 

2.0 X 4 

2.95 

5 24 

5.47 

3.0 X 4 

3.00 

0.13 

6,29 

4.0 X 4 

2 6.5 

0.16 

6 02 


Based on these results it appears that spacing of about 4 by 5 of 
large unstaked plants of these varieties under these conditions might 
eliminate interplant competition and 4 by 4 for smaller growing types 
or 3 by 4 when staking is to be practiced. Competition between plants 
may also be a factor for consideration with plots containing more than 
a single plant. Since the maximum yield per area is usually desired by 
tomato producers the i)lants are generally grown with fairly close spac- 
ing, thereby causing competition. Tt would seem that experimental 
tests should approximate these conditions as nearly as possible. This 
presents some difficulties, especially for a variety test which would 
include a wide range in size of plants. A variety of small plant size 
such as Pearl Harbor would not require the same spacing as a larger 
plant type such as Rutgers. To vary the spacing within a test does not 
seem generally practical unless three row plots might be grown and 
records taken only from the center row. This size of plot would be 
large and wasteful of space under most conditions. Also, there is the 
problem of missing or abnormal plants. If the si)acing is wide enough 
to eliminate competition, a calculated figure might justifiably be used 
for a missing plant, but if there is competition between plants of the 
variety, the worker is at a loss to know the degree of competition for 
the particular variety and, therefore, cannot arrive at a satisfactory 
method of calculating missing plant results. It, therefore, seems that 
good reasons often exist for wide spacing of plants to eliminate com- 
petition between them. 

Summary 

Studies on the efficiency of diflPerent sizes and shapes of tomato plots 
are reported, also a study comparing individual plant yields for three 
varieties grown at five different spacings and with three types of 
training. 
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For date of ripening, early yield, and total yield, the standard errors 
in percentage of the mean decreased as size of plots increased. 

For early yield, single-row plots were more efficient than two- or 
four-row plots of equal size. For total yield and date of ripening, 
single-row standard errors were not appreciably less than those of 
two- and four-row plots. 

Date of ripening gave lower standard errors in percentage of the 
mean than comparable plots gave for early yields. Significant nega- 
tive correlation coefficients were obtained between early yields and 
dates of ripening for all plot sizes and shapes. Larger plots tended to 
show a closer relationship than the smaller ones. 

Yields of untreated single plants at different spacings suggest that 
there was no competition between plants at 3 by 4 feet for the varieties 
Dwarf Champion and Pritchard. For Break 0*Day the yield at 3 by 4 
feet was less than at 4 by 4 feet suggesting that competition occurred 
at 3 by 4 feet. 

Plants grown on stakes, but not pruned, showed definite reduction 
in yields at 2 by 4 feet as compared with 3 by 4 and 4 by 4 feet for the 
three varieties. 

When staked and pruned to three stems the Dwarf Champion vari- 
ety gave indications of competition only at the clos^^st spacing which 
was 1 by 4 feet. Pritchard and Break O’Day varieties under this treat- 
ment showed yield reduction at 2 by 4 feet. 



Permanent Standards for Chemical Test for 
Pungency in Peppers 

By L. O. Van Blaricom and J. A. Martin, South Carolina 
Experiment Station, Clemson, S, C, 

T he procedures of Fodor (1) and Tice (2) for testing the pun- 
gency or capsaicin content of peppers have been modified by Ting 
and Barrons (3). This modified procedure employs color standards 
using Napthol Yellow and Malachite Green. The authors found these 
standards to have two serious faults. First, various lots of the dyes 
varied so much that it was impossible to reproduce a set of colors 
from different lots of dye. Second, the solutions were not stable and 
would change color in a few hours. This necessitated making up 
standards frequently, and, unless the same lots of dye were used each 
time, reproducible standards could not be obtained. 

After a number of preliminary trials, potassium dichromate and 
copper nitrate were found to produce satisfactory colors. A set of 
standards prepared with these chemicals was reproduced and matched 
perfectly after two years. 

The potassium dichromate can be obtained in a stable pure form. 
The copper nitrate is unstable and deliquescent. However, the form 
Cu(N 03)2'3H20, meeting American Chemist Society standards and 
dried under vacuum for 24 hours at 30 degrees C was found to be 
satisfactory, and reproducible colors could be prepared. If the copper 
nitrate solution is cloudy, 1 or 2 drops of nitric acid will clear the 
solution. 

Directions for Making Modified Color Standards 

Make up color standard by adding solution 1 to solution 2 in the 
proportions shown. 

Solution 1. Dissolve 50 grams Cu(N03)2*3H20 in 50 cc water. 
Solution 2. Dissolve 1 gram K2Cr207 in 100 cc water. 


Color Standard 

Solution 

Solution 

Comparative Degree 

Number 

1 (cc) 

2 (cc) 

of Pungency 

1 

.5 

15.5 

Sweet 

2 

.75 

15.25 

Slightly mild 

3 

1 

15 

Mild 

4 

1.5 

14.5 

Slightly hot 

5 

2 

14 

Hot 

6 

3 

13 

Hot 

7 

4 

12 

Very hot 

8 

6 

10 

Very hot 

9 

10 

6 

Extremely hot 


10 — Special — dissolve 10 grams Cu(N03)2'3H20 
in 10 cc of solution 1. 
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Some Problems in Sampling the Sweetpotato Plant' 

By O. A. Leonard and W. S. Anderson, Mississippi 
Agricultural Experiment Station, State College, Miss. 

I N connection with recent studies by the authors on the nutrition of 
the sweetpotato plant, it was necessary that many samples be 
taken from field plots and sand cultures for analyses of mineral and 
other constituents of the crop. Since very little work had previously 
been done involving mineral analysis of the sweetpotato, there ap- 
peared to be no standard procedure for satisfactorily sampling this 
plant. In the first experiment, mature leaf -blades and the entire vine 
were analyzed. The second year it was decided to study in some de- 
tail the relationship between the composition of various parts of the 
sweetpotato plant. From the determinations at hand it was believed 
a valid estimate could be made of the relationship between the mineral 
content of the leaf-blades and the other parts of the plant. This paper 
presents the results of a simple statistical study of these data. 

Correlation coefficients were calculated and are presented dia- 
gramatically in Figs. 1 to 6. Highly significant correlations were 



Fig. 1. Correlation between the total nitrogen content of the leaf-blades and 
that of the petioles, stems, storage roots and vines. 


^Published with the approval of the Director, Mississippi Experiment Station, 
paper No. 139, new series. 

The authors wish to thank Mr. Marvin Gieger for the chemical determina- 
tions, and International Minerals and Chemical Corporation for help given by 
them in conducting this study. 
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Fig. 2. Correlation bet>\een the nitrate nitrogen content of the leaf-blades 
and that of the petioles, stems, storage roots and vines. 


found between the mineral composition of the leaf -blades and be- 
tween other parts of the vines. In general, a higher correlation existed 
between contents of blade and petiole than between contents of blade 
and stem. The correlation between the mineral content of blades and 
storage roots was relatively high for total nitrogen, nitrate nitrogen, 
phosphorus and potassium. Little, if any, correlation existed between 
the percentages of calcium or magnesium in blades and storage roots. 
The results of this study indicate that it is not necessary to sample 

different parts of the 
plant in order to arrive 
at a valid estimation of 
the composition of its 
various parts. With the 
exception of calcium and 
magnesium in the stor- 
age roots, fairly satis- 
factory correlations were 
found to exist between 
various parts of the 
sweetpotato plant. In es- 
timating the composition 
of the whole vine from 
leaf-blade analyses, some 
caution should be exer- 
cised. If leaf-shedding 
has been severe, the pro- 
portion of leaf to stem 
may be changed consid- 
Fig. 3. Correlation between the phosphorus erably, thus affecting the 

of the leaf -blades and that of the petioles, composition of the whole 

stems, storage roots and vines. vine. 
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Fig. 4. Correlation between the potassium of the leaf -blades and that of the 
petioles, stems, storage roots and vines. 





petioles, stems, storage roots and vines. 
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Fi(. 6. Correlation between the magnesium of the leaf-blades and that of the 
petioles, stems, storage roots and vines. 

Because of the information gained in the above study, leaf-blades 
only were used as samples in the nutrition studies in 1946. The leaf- 
blades collected were the first five fully enlarged ones counted from 
the tips of individual vines. On each plot 10 vines were sampled on 
each sampling date; thus 50 blades \yere collected from each plot. 
Blades were collected five times during the season at approximately 
24-day intervals. The results obtained from these studies indicate that 
this method of sampling is satisfactory for the sweetpotato plant. 

Leaf-blade sampling as described above is quite simple and gives 
blades from a definite part of the plant. Petioles are about as satis- 
factory from a chemical standpoint as leaf-blades, but larger samples 
are necessary and they are more difficult to collect and to dry. In 
sampling by the leaf-blade method one can compare, with confidence, 
the nutrient status of sweetpotato plants on different soils at different 
seasons, as well as from year to year. 






Seasonal Development of Fibrous and Storage Roots 
of Sweetpotatoes^ 

By O. A. Leonard and W. S. Anderson, Mississippi 
Agricultural Experiment Station, State College, Miss, 

T his study was undertaken because there was no previous infor- 
mation available on the seasonal development of the sweetpotato 
root system under Mississippi soil and climatic conditions. The only 
work the authors could find reported on the seasonal development of 
the root system of the sweetpotato was conducted in Nebraska by 
Weaver and Bruner (1). They found that root development in the 
subsoil was abundant, indicating a fairly fertile subsoil. Southern 
soils are, in general, more highly leached and lower in fertility than 
Nebraska soils. The differences in soil fertility between the two re- 
gions are related to differences in rainfall and temperature. There 
was reason to expect that the root systems might vary in the same 
manner that the soils varied. 

The nature and fertility of the soil influence the abundance of roots 
that develop at different depths. A plant having roots deep in the 
ground should be able to withstand dry weather longer without ill 
effects than a plant having a root system that is predominately shal- 
low. The study reported herein describes the root development of two 
varieties of sweetpotato as grown in two distinctly different soils in 
Mississippi. 

Description of the Soils 

The soil types studied were Ocklocknee sandy loam and Ruston 
sandy loam. The general characteristics of these soils are shown in 
Table 1. The data on mechanical analysis show that the clay content 
of the Ocklocknee was much higher than that of the Ruston, with the 


TABLE I — Mechanical Analyses, Exchangeable Bases, and pH at 
Different Depths for Ocklocknee and Ruston Sandy Loam 


Soil lype 
and 
Depth 

Mechanical Analyses 

Exchangeable Bases 

Available P 
(Bray’s 
Procedure) 


Sand 

(Per Cent) 

Silt 

(Percent) 

Clay 

(Per Cent) 

K 

Me 

Ca 

Me 

Me 

pH 


46.6 

41.5 ! 

( 

12.8 1 

Ocklocknee 

0.33 

5.21 

1.20 

1 Medium 1 

6.9 

23.5 

43.7 1 

33.1 ! 

0.25 

19.19 1 

0.72 

Low 


6.9 

4 ft 

20.7 

44.7 

34.6 1 

0.25 

18.79 

0.77 

Low 


6.0 

6 ft 

22.7 

45.3 

32.0 1 

0.28 

17.66 1 

0.82 

1 Low 


6.0 

Top soil 

2 ft 

69.9 1 

20.2 

9.9 

Ruston 

0.30 

1.68 

0.79 

Low 


6.9 

61.4 

21.2 

17.6 

0.19 

0.66 

0.76 

Trace 


5.1 

4 ft 

67.0 

16.4 

16.6 

0.12 

0.33 

0.60 

Trace 


5.0 

6 ft 

77.8 

11.7 

10.5 

0.06 

0.15 

0.60 

Trace 


6.7 


^Published with the approval of the Director, Mississippi Agricultural Ex- 
periment Station, State College, Mississippi, Journal Paper No. 143. 

The authors wish to express their thanks to the International Minerals and 
Chemical Corporation for aid in conducting these studies. 
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difference especially marked in the subsoil. The greater clay content 
of the Ocklocknee signifies that it should have a greater base ex- 
change capacity and a greater water holding capacity than the Ruston. 
The outstanding difference between the two soils in bases is that the 
exchangeable calcium was very much lower in the Ruston. An un- 
favoral)le calcium-magnesium balance for root development is indi- 
cated by the analysis of the Ruston subsoil. 

The cxcliangeable potassium was higher in the Ocklocknee than 
in the Ruston. Quick test analysis by Bray’s procedure that both top 
soil and subsoil of Ocklocknee was higher in available phosphorus 
than those of the Rtiston, In fact, only a trace of available phosphorus 
was present in the Ruston subsoil. In addition, nitrogen was un- 
doubtedly more limiting in the Ruston subsoil than in the Ocklocknee 
subsoil. 


Root Development in Ocklocknee Sandy Loam 

The Triumph variety and the Unit I strain of the Porto Rico vari- 
ety of sweetpotato were grown in alternate rows on Ocklocknee sandy 
loam at State College, Mississippi in 1944. A 6-8-4 factory mixed 
fertilizer was applied within each side of the bed in bands at the rate 
of 600 pounds per acre as the land was prepared. The sprouts were 
transplanted immediately by hand on May 9, in bedded rows, 1 foot 
apart, spaced 42 inches apart. 

Rectangular pits were dug between the rows in order to examine 
the root systems ; thus, a single pit served for studying the root sys- 
tems of both varieties. The depth of the fibrous roots was determined 
by digging below the deepest roots and then cutting upward until 
roots were encountered. The soil was washed from fibrous and stor- 
age roots by spraying the banks of the pit with water, using a 2 j/ 2 - 
gallon cc>mpressed air sprayer. This proved to be a very satisfactory 
method of exposing the roots. The appearance of the root systems at 
different times of the year for both varieties is illustrated by Fig. 1, 
and Fig. 2 shows graphically the seasonal changes in the depths of 
the fibrous roots as well as the fresh weights of both vines and storage 
roots. 

On June 13. 35 days after transplanting, when the first examina- 
tion was made, the vines were growing vigorously. The roots had 
obtained a depth of 40 inches, but were most abundant in the top 12 
inches as seen in Fig. 1. Several Triumph roots were observed to 
begin thickening at this time. 

The root systems had reached the water table, a depth of 84 inches, 
by July 7, 59 days after transplanting. Some Triumph roots were 1 
inch in diameter while those of the Porto Rico were smaller. 

On August 8, 92 days after transplanting, the roots were 90 inches 
deep, or about 2 inches deeper than the water table. (The water table 
had lowered since July 7). Very few roots were found below a depth 
pf 40 inches. Vine growth was good on this date, but by September 8, 
122 days after transplanting, it had been checked by dry weather, and 
some loss of leaves was taking place. 

The roots were examined for the last time in 1944 on October 2, 
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TRIUMPH PORTO RICO 



Fig. 2. The depth of the fibrous roots and the average fresh weight of the 
vines and storage roots of Triumph and Porto Rico sweetpotato plants on 
two soil types at different times of the season. 


167 days after transplanting, and at that time they were found to 
have reached a total depth of 96 inches. 

This study suggested that there is a considerable influence of soil 
moisture on leaf shedding as well as on yield. Leaf shedding probably 
occurred in this Ocklocknee field because of insufficient soil moisture 
in the upper 40 inches, where most of the roots were located. The soil 
down to this depth was hard to dig and appeared dry on September 
8 and October 23. However, the soil below 40 inches seemed to be 
moderately high in moisture, but there were only a few scattered 
roots in this soil area. The plants were thus unable to utilize the ample 
water available at these greater depths. 

Root Development in Ruston Sandy Loam 

For the study in Ruston soil, Triumph sprouts were transplanted 
near Ellis ville, Mississippi, on April 29, 1946, and Unit I Porto Rico 
sprouts at Poplarville, Mississippi, on April 30, 1946. The fertilizer, 
consisting of plant nutrients equal to 80 pounds per acre each of N, 
P20r>, K 2 O, and CaO, 40 pounds MgO and 15 pounds of borax, had 
been applied the same day within each side of the ridges as the land 
was prepared. The sprouts were set by hand 1 foot apart in the beds 
which were 42 inches apart. The root systems were examined as was 
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inches in the normal soil. Where burned-out stumps from the original 
forest were encountered, the depth was greater, being 48 inches in 
one case. As is seen in Fig. 3, the storage roots were small at this 
time. Fibrous roots were abundant in the top soil but were only scat- 
tered in the subsoil, especially at the greater depths. The Porto Rico 
roots were examined 2 days later and the same distribution as well 
as depth was observed as those of the Triumph. 

The next examination was made of Triumph on August 2, 94 days 
after transplanting, and of Porto Rico August 5, 97 days after trans- 
planting. Roots had now attained a depth of 42 inches for both 
varieties. Root growth was good in the top soil but poor in the sub- 
soil, and vines were growing vigorously at the time. 

The Triumph roots were again examined on August 25, 117 days 
after transplanting, following a period of dry weather. Leaf shedding 
in this field was excessive and had caused a marked decrease in vine 
weight as shown by the curve in Fig. 2. The roots were 39 inches 
deep, and the distribution had not changed since the previous exami- 
nation. The vines of Porto Rico were growing vigorously on August 
27 apparently because of adequate rain at the Poplarville location. 
Roots of this variety were approximately 40 inches deep, although 
one root was found as deep as 54 inches. 

On September 18 and 20, 141 and 143 days after transplanting, leaf 
shedding was very severe with both varieties because of dry weather. 
The top soil of both fields where most of the roots were located, was 
hard and dry, while the subsoil apparently contained ample moisture. 
Very few roots were present in the subsoil to make use of it. The 
maximum depth of fibrous roots of both varieties at this examination 
was about 48 inches. 

The Triumph roots were examined for the last time on October 
14, 167 days after transplanting. At this time fibrous roots were 
found to be 54 inches deep in the normal subsoil, but there were 24 
to 30 inches deeper where an old stump had been burned. Fibrous 
roots, likewise, developed abundantly when they followed channels of 
decaying tree roots in die subsoil. This can be seen in Fig. 3 for the 
Triumph variety on September 18. The roots of the Porto Rico were 
found to be 64 inches deep on October 16, although 57 inches ap- 
peared to be the more common total depth of root penetration. 

The characteristic fibrous root development of the sweetpotato on 
Ruston sandy loam soil appears from these studies to be abundant in 
the top soil and sparse in the subsoil. Fibrous roots are better devel- 
oped immediately beneath the top soil than they are at greater depths. 
Very good root development does occur in the subsoil when fertility 
is sufficient, such as where stumps and roots had burned or rotted. 
Such locations, however, represent only a very small part of the whole 
mass of subsoil. The sparse root development in the subsoil makes 
the plants quickly susceptible to the effects of dry weather. Short 
periods of dry weather resulted in a very great leaf shedding on both 
varieties growing in Ruston soil in 1946. The top, darker colored soil, 
which contained most of the roots, was rapidly depleted of water, while 
the subsoil still appeared to contain ample water for plant growth, 
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but the plants had only a few scattered roots in this area. It is believed 
that the loss of leaves is doubly detrimental to the yield of storage 
roots of the sweetpotato. In the first place, a loss of starch producing 
organs occurs and, in the second place, new leaves must be formed 
from starch and sugar reserves already stored in the plant. The 
amount of any reduction in yield due to leaf shedding is not known, 
but it is believed to be considerable. 

Relation Between Soil Type and Root Development 

Root distribution in the two soil types differed considerably. In the 
Ocklocknee sandy loam the roots were most abundant in the top 12 
inches, but were fairly well developed to a depth of 40 inches. In the 
Ruston sandy loam, they were abundant only in the top 6 to 10 inches 
of soil and were not abundant in the subsoil, especially at greater 
depths. The chemical data presented in Table I show that the surface 
soil and subsoil of the Ocklocknee were higher in nutrients than those 
of the Ruston sandy loam. The authors are not able to explain why 
fibrous roots did not develop better than was observed below a depth 
of 40 inches in the Ocklocknee soil. It is believed, however, that a 
deficiency of nitrogen at these greater depths limited the root growth. 

The chemical analysis of the soils shown by the data in Table I 
indicate that several factors may have contributed to the relatively 
poor root development in the Ruston subsoil. It is noted that calcium 
in the subsoil was low in relation to magnesium. The roots, there- 
fore, may have had insufficient calcium. Potassium was lower in the 
subsoil than in the top soil, and phosphorus was very deficient in the 
subsoil. 

The most significant observation in these tests was the very great 
loss of leaves from the Triumph plants between August 2 and August 
26*in 1946 on Ruston soil. These results were clearly associated with 
the dry weather that occurred between these two date. Leaves, also, 
were observed to drop from Triumph plants growing on the Ock- 
locknee soil in 1944 during periods of dry weather, but the loss was 
much less than that which occurred on Ruston. The differences in the 
results on the two soils seem to have been due to the difference in 
the abundance of roots in the subsoil, but may also have been due in 
part to their differences in the water holding capacity. The results 
with the Porto Rico variety was less clear than those with the Tri- 
umph. Rainfall was not markedly limiting for the plants growing on 
Ruston soil until in September. Nevertheless, the predominately shal- 
low fibrous root development suggested extreme sensitivity of plants 
growing in Ruston to dry weather. It would seem that root distribu- 
tion in Ocklocknee would be preferable to that in Ruston during 
periods of dry weather, but abundant root growth at still greater 
depths would be more desirable under drouth conditions. 


Summary 

The results of this study tend to explain why sweetpotatoes are 
usually more quickly susceptible to drouth when growing on the 
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lighter sandy loam soils than when they are growing on the heavier 
soils. The results suggest that luxuriant vine growth, associated with 
heavy applications of fertilizer, might actually be detrimental, es- 
pecially in dry weather. With a limited supply of available soil mois- 
ture, large rapidly transpiring plants would deplete the soil moisture 
faster than smaller plants. This behavior may explain why a yield 
response in swcetpotatoes due to fertilizer may be indicated at some 
time during the growing season, but may have disappeared by the 
time of the normal harvest period. 

Literature Cited 

1. Weaver, J. E., and Bruner, W. E. Root Development of Vegetable Crops, 
McGraw-Hill. New York, pp. 229-240. 1927. 



Effect of Storage Temperatures on the Sprouting of 
Four Varieties of Sweetpotatoes 

By J. S. Cooley and L. J. Kush man, C/. S, Department of 
Agriculture, BeltsviUe, Md. 

T he investment in seed stock from which sweetpotato plants are 
grown is considerable. From S to 10 bushels of roots are required 
to give enough plants to set an acre of sweetpotatoes. Any storage 
treatment, therefore, that affects the yield of plants is correspondingly 
of economic importance. 

Sprouting was one of the tests used for evaluating certain treat- 
ments in storage experiments with sweetpotatoes for market con- 
ducted at the Plant Industry Station, BeltsviUe, Maryland. The data 
obtained in these storage experiments should have additional appli- 
cation in the storing and handling of seed stock for bedding. 

The only report noted in the literature, on the effect of storage 
temperatures on sweetpotato sprout production is the work of Ed- 
mond ( 1 ) . He found that exposing seed stock of Porto Rico sweet- 
potatoes to 40 degrees F for 7 days, and also for 14 days caused a 
decreased yield of plants per bushel of roots. This short-time chilling 
also increased rotting in the plant bed. 

The varieties used in the present experiments were Nancy Hall, 
Porto Rico, Maryland Golden, and Orange Little Stem. They were 
grown in the vicinity of BeltsviUe, Maryland, were dug in October 
before frost, and placed under curing conditions the day they were 
dug. 


TABLE I — Number of Sprouts After Three Weeks 
Under Conditions for Sprouting 


Storage 

Tempera- 

No. 

Roots 

Bedded 

Total 
Wt. Roots 
(Pounds) 

No. 

Sprouts 
Above 
Surface of 
Sand 

No. 

grouts 
Below 
Surface of 
Sand 

Ave No. Sprouts 
Per Root 

Ave No. Sprouts 
Per Pound 

ture 

(Degrees F) 

Above 

Surface 

1 

Below 

Surface 

Above 

Surface 

Below 

Surface 

' 50 1 

1 7 1 

1 1.4 1 

Nancy Hall 

1 7* I 23* 1 

1 1.0 1 

1 3.3 

1 0.5 1 

1 1.6 

65 

1 7 1 

1.9 

1 70 1 

1 103 1 

1 10.0 I 

14.7 , 

1 36.8 j 

1 54.2 

60 1 

1 7 1 

I 2.6 1 

1 104 1 

1 110 1 

1 14.9 1 

1 15.7 ! 

1 40.0 1 

1 42 3 

50 1 

1 9 1 

1 1 

Maryland Golden 

1 j 49** 1 

1 0-1 1 

1 5.4 1 

1 0.4 1 

1 20.4 

55 


2.3 

52 

1 139 1 

1 6.5 1 

1 17.4 1 

1 26.0 1 

1 69.5 

60 1 

1 8 1 

1 2.1 1 

I 84 1 

1 124 1 

1 10.5 1 

[ 15.5 1 

1 40.0 1 

1 59.0 

50 1 

1 6 1 

1 1.1 ’ 1 

Orange LtUle Stem 

1 7t 1 13t 1 

1 1.2 1 

1 2.2 j 

1 5-4 1 

1 11.8 

55 

10 

2.7 

1 131 1 

1 240 I 

13.1 

24.0 

48.5 

88.9 

60 1 

1 10 1 

1 2.7 1 

1 127t 1 

1 232t 1 

1 12.7 1 

1 23.2 1 

1 47.0 1 

1 85.9 

50 1 

1 8 1 

I 2.4 1 

Por/o Rico 

1 102 i 182 1 

1 12.8 

1 22.8 1 

1 42.5 1 

1 75.8 

55 


1.7 

95 

1 176 1 

10.6 

19.6 

55.9 

103.5 

60 1 

1 8 1 

1 2.8 1 

1 112 1 

1 193 1 

1 14.0 

1 24.1 1 

1 40.0 1 

1 68.9 


♦Five rotten roots. 1 dormant root. 
♦♦Four rotten roots, 4 dormant roots. 
tFour rotten roots, 1 dormant root. 
tOne partly rotten root, 1 dormant root. 
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Fig. 1. Effect of storage temperatures in the sprouting of swectpotatoes. 
Lower: Orange Little Stem, Porto Rico, Nancy Hall and Maryland 
Golden sweetpotatoes stored at 55 degrees F for 7 months then held at 
sprouting conditions for 3 weeks. Upper: Orange Little Stem, Porto 
Rico, Nancy Hall and Maryland Golden sweetpotatoes stored at 50 
degrees F for 7 months then held at sprouting conditions for 3 weeks. 
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The curing consisted in holding for 10 days at 85 degrees F, and 
a humidity of about 78 per cent of saturation. The same curing treat- 
ment was given to all varieties. At the expiration of the curing period 
the roots were placed at the required temperatures, the humidity being 
kept at about 85 per cent of saturation in each instance. 

Three storage temperatures were used, 50, 55, and 60 degrees F. 
The temperature of each storage room was accurately controlled to 
within 0.5 of a degree F throughout the storage period. 

Experimental Results 

The storage period was terminated on May 7, 1947, about 7 months 
from the time the roots were dug. At this time the final record on rots 
and keeping quality was made, and this will be reported in a future 
publication. The rotten roots were discarded and from the remainder 
six or eight apparently healthy bedding-size roots were given sprout- 
ing conditions by being placed in moist sand and held in a storage 
room at 85 degrees F for 3 weeks (May 8 to May 29). The results 
are recorded in Table I. 

The sweetpotatoes that were stored at 50 degrees F, and then sub- 
jected to good sprouting conditions, showed marked variety variation 
in their ability to sprout and also in their susceptibility to rotting 
during the sprouting operation. The data indicate that a storage tem- 
perature of 50 degrees F is too low for optimum sprouting of Orange 
Little stem, Nancy Hall, and Maryland Golden (Fig. 1) ; but Porto 
Rico stored at 50 degrees F gave good sprouting. All four of the 
varieties sprouted satisfactorily after storage at 55 or 60 degrees F. 
This sprouting test as well as other tests indicates that Porto Rico is 
more tolerant of storage at 50 degrees than are the other varieties 
tested ; but there is evidence that 50 degrees is below the optimum for 
that variety. Nearly all of the rot that developed during the sprouting 
period occurred in material that had been stored at 50 degrees. Also, 
most of the dormant (non-sprouting) roots were among those stored 
at 50 degrees. 

The data here presented indicate that storage temperature has a 
marked effect upon the sprout production of apparently healthy sweet- 
potatoes. This may help to explain certain instances of bedding 
failures. 

Literature Cited 

1. Edmond, J. B. Effect of exposure to low temperature on plant production 
of the Porto Rico sweetpotato. Proc. Amcr, Soc. Hort. Sci. 43 : 259-261. 
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Natural Self-Pollination in Cantaloupes^ 

By S. S. IvANOFF, Texas Agricultural Experiment Station, 
Substation 19, Winter Haven, Texas 

N atural self-pollination was observed to occur very frequently in 
pure lines of cantaloupes in the breeding plot at Winter Haven, 
Texas. Seed of many open-pollinated individual fruits saved from pure 
lines seemed to run true to type. Jones and Rosa (1) reported that 
from 5 to 15 per cent of the seed of hermaphroditic-flowered varieties 
may be cross-pollinated where different varieties are grown in ad- 
joining rows. A trial was made at Winter Haven in 1942-1943, to 
determine the extent of self-pollination of individual isolated plants 
when surrounded on all sides by plants of another variety flowering 
at the same time. 

Four vines of inbred cantaloupes with recessive green flesh fruit 
color were grown in a block of Honey Ball plants with dominant 
salmon flesh. The salmon flesh color, characteristic of the fruits of the 
Fi hybrid between these two cantaloupes, was used in the 1943 
season to determine whether cross-pollination under the conditions 
of the trial had occurred during the previous season. Some of the 
ovules of an ovary may be fertilized by pollen from the same plant, 
in which case the resulting seed will give rise to a plant bearing 
green-flesh fruits only. On the other hand, ovules fertilized by pollen 
from the salmon-flesh variety will form seed which will grow to a 
plant yielding fruits with salmon flesh. The number of gerniinable 
seeds in a single fruit of the commonly grown varieties varies from 
about 300 to 400 and there is an opportunity for some of them to be 
formed as a result of cross-pollination. 

Previous tests have shown that covering hermaphroditic flowers in 
a manner to exclude all insects seldom resulted in fruit formation. 
This probably is because the anthers dehisce on the side opposite the 
stigma and the sticky pollen, deposited at the base of the corolla, is 
prevented from reaching the stigma across the closely packed anthers. 
Most pollination evidently is performed by insects, particularly honey 
bees, but others, such as flower thrips, may also play a part. 

The block of the salmon-flesh melons in this trial consisted of six 
rows 120 feet long and 6 feet apart, the plants spaced 2 feet within 
the row. In this area were grown four green-flesh melon plants 
spaced from 30 to 40 feet from each other. All vines eventually be- 
came interwoven and during anthesis the planting appeared as a solid 
mass of growth, covering completely the ground between the rows. 
The green-flesh vines were covered by the leaves of the Honey Ball 
variety which blossomed profusely and for a long time. These two 
varieties, like most of the commonly grown cantaloupes in the United 
States, are andromonoecious, bearing staminate and hermaphroditic 
flowers on the same vine. 

At the end of the season 21 fruits were harvested from the four 

Published as Technical Paper No. 1038 with the approval of the Director of 
the Texas Agricultural Experiment Station. 
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green-flesh vines and some of the seed of each fruit were marked as a 
sq>arate line and planted in the following season. From 4 to 35 plants 
were raised from the seed of each fruit, with a total of 383 plants. The 
small number of plants of some of these single-fruit-derived lines was 
the result of unfavorable growth conditions during the first part of 
the season. At the end of the second season fruits from each vine were 
cut, and judging by the color of the flesh, the degree of self-pollination 
for each line was determined. 

The per cent of self-pollination for the four vines was 98.6, 75.7, 0, 
and 0, respectively. The self-pollination for the first two vines was 
very high, while the last two vines, with a total of five fruits, pro- 
duced all hybrid plants. The great difiference in self-pollination among 
the four green-flesh vines is probably due to some special conditions 
during pollination. - 

Table I shows the detailed results of the trial, from which it may 
be seen that (a) self-pollination or inbreeding within certain fruits 
reached 100 per cent even when all opportunities for cross-pollination 
were provided, and (b) the extent of self-pollination among the seed 

TABLE I — Extent of Natural Self-Pollination in Four Cantaloupe 
Vines of a Green-Flesh Variety (Color Recessive) Exposed on All 
Sides to Possible Pollination from a Salmon-Flesh Variety (Color 
Dominant). Self-Pollination Determined by Dominant Color of 
Fruit Flesh in the Following Season 


No. Fruits Harvested 
From Each Ex- 
posed Vme (1942 
Season) 


No. Plants Grown 
From Each Fruit From 
Exposed Vines in the 
Following Season 


No. Self-Pollinated 
Fruits Determined by 
Green Flesh Color 


Per Cent Self- 
Pollinated Fruits 


Vine No. t 


1 

14 

14 

100.0 

1 

14 

14 

100.0 

1 

20 

19 


1 

9 

9 

100.0 

1 

1 19 

19 

100.0 

5 

76 

75 

98.6 Ave. 


Vine No. 2 


1 

11 

9 

81.8 

1 

19 

4 

21.0 

1 

14 

12 

85.7 

1 

4 

4 

100.0 

1 

35 

35 

100.0 

1 

24 

4 

16.6 

1 

33 

32 

96.9 

1 

29 

27 

93.1 

1 

19 

19 

100.0 

1 

12 

12 

100.0 

1 

14 

4 

28.5 

11 

214 

162 

75.7 


Vine No. 3 

1 i 4 1 0 I 0.0 


Vine No. 4 


1 

27 

0 

0.0 

1 

16 

0 

0.0 

1 

23 

0 

0.0 

1 

23 

0 

0.0 

"4 

89 

0 

0.0 Ave. 
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samples varied extremely, from 0 to 100 per cent. In eight of the 
single-fruit-derived lines all of the plants were of self-pollinated 
origin, five lines had all fruits of hybrid nature, and the remaining 
eight lines had fruits of mixed origin varying from 16.6 to 96.9 per 
cent of inbred fruits. 

Literature Cited 

1. Jones, H. A., and Rosa, J. T. Truck Crop Plants. McGraw-Hill Book 
Company, Inc, 1928. 



Results on the Control of Rootknot Nematode 
in Vegetable Plant Beds 

By S. C. Dorman/ Shell Development Company, Emeryville, 
Calif, and P. A. Minges, University of California, Davis, Calif. 

I N California many good soils used for vegetables have become in- 
fested with rootknot nematode through the introduction of this pest 
on infested transplants. Also severe crop losses occur each year be- 
cause young plants become infested in the plant bed and the nematode 
gets such an early start that the plant is seldom productive. The only 
solution to the problem has been to select plant bed sites that were 
free of nematode, but this frequently has been a difficult thing to do. 

A new soil fumigant containing chlorinated propylenes and known 
under the registered trademark D~D^ has shown promise as a nema- 
ticide under a rather wide range of field conditions. Thus Carter ( 1 ) 
has reported that its use resulted in improved growth of pineapple in 
Hawaii, Pinckard (2) found it highly effective for squash in Missis- 
sippi, and Parris (3) obtained promising results for tomatoes in Vir- 
ginia. The tests reported herein were conducted in 1945 to explore the 
possibilities of using this material under the special conditions in- 
volved in producing vegetable transplants. 

Plan and Methods 

A site moderately infested with rootknot nematode was selected on 
Yolo fine sandy loam near Davis. Tomatoes and cal)bage were selected 
as test crops as they represented warm and cool season crops which 
are usually transplanted. 

In field fumigation a few nematodes may be left without causing 
appreciable losses, but in plant beds it is highly desirable to obtain 
complete control if possible. Thorne (4) noted that it is difficult to 
kill nematodes in the surface 2 or 3 inches of soil where aeration is 
good and a fumigant escapes easily. Godfrey and Young (5) pointed 
out that this problem is serious with chloropicrin and that this material 
did not become valuable as a soil fumigant until gas tight covers or 
water seals were developed for confining the fumes in tjfie soil. Han- 
nesson, Raynor and Crafts (6) report that “it is difficult to retain a 
high vapor density of carbon disulfide in the top 4 inches of soil”. In 
an eflFort to obtain control of the nematode in the surface soil layers 
dry and water emulsion applications were tested both singly and in 
combination. It was thought that in the combination treatment the 
dry application might kill the deep nematodes and the water emulsion 
those near the surface. The treatments were as follows : 

1. Check (untreated) 

2. D-D 400 pounds (40 gallons) per acre rate — applied dry at 
5 inch depth and 12 inch spacing; (3.47 ml per injection) 

3. D-D 400 pounds per acre rate — emulsifiable form applied in 
water (125 ml per plot in 56 gallons water) 

^Present address Shell Oil Agricultural Laboratory, Modesto, California. 
^Supplied by Shell Chemical Corporation, San Francisco. 
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4. D-D 200 pounds |>er acre rate — applied dry at 8 inch depth 
and 12 inch spacing (1.7 ml per injection) 

200 pounds per acre rate — emulsifiable form applied in water 
(62.5 ml per plot in 22.5 gallons water) 

Each plot was 6 feet square or 36 square feet in area. Each treat- 
ment was replicated three times thus giving a total of 12 plots in the 
experiment. Levees about 6 inches high were built around the plots 
receiving the water application. The emulsion of D-D and water was 
vigorously agitated before adding it to the plots. Sufficient water was 
used in treatment 3 to insure penetration to a depth of 2j4 feet. In 
treatment 4 the dry application was made first and then the water 
emulsion added. In treatment 2 the plots were sprinkled after appli- 
cation to seal over the soil. A Mack weed gun was used to make the 
dry injections. 

The plants were grown in open beds without frames or covers. The 
plots were treated on March 20 and seeded on April 6, an interval of 
17 days. The cabbage started emerging on April 16 and the tomatoes 
on April 23. The roots were examined on May 31 and again on Sep- 
tember 5. The soil temperature at the time of treatment was 52 de- 
grees F and the soil moisture was at field capacity except for the 
surface 2 inches which was slightly drier. 

At the first examination of the roots on May 31 approximately 40 
plants were carefully dug from each plot, preserving as much of the 
root system as possible. After carefully washing them the roots of 
each plant were floated in water in a white bottom, shallow pan to 
permit close observation. 

The roots were classified according to nematode infestation as indi- 
cated by presence of knots or galls as follows: 1, clean; 2, slight — 
one to five individual galls per plant; 3, moderate — more than five 
individual galls ; and 4, severe — included all plants with roots show- 
ing coalescing of the galls or worse. 

After the first examination some plants were removed for trans- 
planting to field plots with the remaining plants kept watered to per- 
mit a second examination. This was done on September 5 with the 
same system of sampling being followed except that only 17 tomato 
plants and only 6 to 10 cabbage plants were examined per plot. 

Results 

The seedlings emerged at about the same time on all of the plots. 
However, it soon became evident that the stand of plants and growth 
was better on the treated than on the check plots. By May 31 the 
plants on the check plots were about two-thirds as large as those on 
the treated and aside from the nematode infestation would have made 
rather poor transplants (Fig. 1). 

A summary of the data from the May 31 examination is given in 
Table I. 

The data show that the roots of plants from the check plots were 
seriously infested with nematode and even if used in fields free of 
nematode probably would have given poor yields. Samples from the 



DORHAK AND MINGES: NEMATODES 


319 



Fig. 1. Plots of tomato and cabbage plants. Plants grown in soil treated with 
D-D (foreground) ; plants grown in untreated soil (background). 


treated plots showed a rather high percentage of clean plants, yet a 
few plants from each treatment showed some gall formation. The 
treatments using all or part of the D-D in water appeared to be 
slightly superior to treatment 2 in which all of the material was 
applied dry. 

TABLE I — The Percentage of Tomato and Cabbage Plants in the 
Four Classes of Nematode Infestation on the May 31 Examination. 
These Figures Are Based on a Total of 100 to 120 Plant Samples 
From Three Replications 


i 

Treatments 

Tomatoes (Per Cent) 

Cabbage (Per Cent) 

Clean 

Slight 

Mod. 

Severe 

Clean 

Slight 

Mod. 

Severe 

1 . Check 

1.6 

19.2 

30.0 

49.2 

3.8 

25.5 

34.9 

35.8 

2. D*D* dry injections . . . 

87.5 

12.5 

0 

0 

92.8 

7.2 

0 

0 

3. D-D- in water , . . 

95.5 

3.6 

0.9 

0 

90.8 

9.2 

0 

0 

4. D-D H dry; M in water 

95.5 

4.5 

0 

0 

96.3 

3.7 1 

0 

0 


The summary of the data from the September 5 examination is 
given in Table II. 

The data for tomatoes show that the nematode infestation increased 
somewhat during the interval between examinations, but relative posi- 
tions of the treatments remained in line with the first examination. 
The data for cabbage show an improvement in the nematode infesta- 
tion, but there were actually too few plants left in the beds to give an 
accurate sampling. 
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TABLE II— The Percentage of Tomato and Cabbage Plants in the 
Four Classes of Nematode Infestation on September S Examina- 
tion. Figures for Tomatoes Based on a Total of 50 to 54 Samples 
From Three Replications ; Cabbage on 17 to 23 Samples 


Treatments 

Tomatoes (Per Cent) 

Cabbage (Per Cent) 

Clean 

Slight 

Mod. 

Severe 

Clean 

Slight 

Mod. 

Severe 

1. Check 

0 

10.3 

6.0 

82.8 

30.4 

13.0 

34.8 

21.8 

2. D-D dry injection 

74.0 

26.0 

0 

0 

04.1 

5.9 

0 

0 

3. D-D in water 

88.0 

12.0 

0 

0 

100.0 

0 

0 

0 

4. D-D H dry; m water 

88.0 

11.1 

0 

0 

100.0 

0 

0 

0 


Plants from the treated plots were transplanted on May 31 into 
untreated infested soil and into infested soil that had been treated with 
D-D or ethylene dibromide. A root examination of these plants on 
September 5 showed rather severely infested plants in the untreated 
soil but practically no evidence of gall formation in the treated soil. 
The transplants in the untreated soil grew well at the start indicating 
that a clean root system on transplants is beneficial in overcoming the 
effects of nematodes in the soil. 

Summary 

The soil fumigant, D-D, gave fairly good control of rootknot 
nematode in this plant bed test, and showed promise for use by grow- 
ers who have difficulty in locating plant bed sites that are free or 
relatively ’free of nematode. Since the material evidently does not 
completely eradicate the nematode, at least with present methods of 
application, it cannot be regarded as an absolute safeguard against 
infested plant beds. Therefore, growers should not rely solely on soil 
fumigation to prevent the introduction of nematode into clean fields. 

The water eninlsion method of applying the material appeared to be 
slightly superior to the dry injection method, probably because it was 
more effective in killing nematodes in the upper 2 or 3 inches of soil. 

Rates of application of the soil fumigant were not compared, but it 
is believed that lower rates would be less desirable since the cost 
factor is not generally important in plant bed treatment, and lower 
rates might prove less effective. A higher rate might give slightly 
more effective control but the danger of a detrimental effect on ger- 
mination and plant growth must be considered when heavy dosages 
are used. 
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Effects of Fertilizer and Method of Application 
of Supplementary Nitrogen on the Yield 
of Turnip Greens for Canning^ 

By H. L. Cochran, Pomona Products Company, Griffin, Ga. 

T urnip (Brassica rapa L.) greens have long been grown as a gar- 
den vegetable, and consumed as a favorite boiled dish by people in 
the South. More recently, however, this crop has been grown commer- 
cially for canning, and sold in competition with other canned greens in 
certain sections of the United States. The characteristic flavor and 
relatively high nutritive value of turnip greens (1, 2, 3, 4) have served 
to increase their popularity as a canned vegetable. 

In general, production in Georgia is concentrated in two more or 
less distinct areas : the central section and the southern section. In the 
central section, well-drained bottom lands are used where the seed is 
sown broadcast and the soil is irrigated; and in the southern section 
where upland soils are used and the crop is grown in rows without the 
use of irrigation. 

Growers in the central bottom land area have heretofore followed no 
systematic fertilizer program. Some apply large quantities of complete 
mixtures, others apply relatively small quantities. Some apply supple- 
mentary nitrogen with the fertilizer while others use it as a top dress- 
ing when the plants are in the seedling stage. To develop a satisfactory 
and efficient fertilizer program for this crop, cooperative tests were 
initiated in the spring of 1944. The pertinent results of two year’s 
work are presented herewith. 

Materials and Methods 

The soil is classed as a Cecil sandy clay loam, with an average pH of 
6.0, and had grown four crops of turnip greens from 1940 to 1943 
inclusive, the four years immediately preceding the initiation of the 
experiment. Chemical analysis showed the soil to contain sufficient 
organic matter to give it a good physical condition, and a fair natural 
fertility. 

The Shogoin variety was used exclusively in this work as it is the 
principal one grown for canning in central Georgia. The land was 
plowed in the late fall, and double disced and dragged just before 
planting time in the early spring. The fertilizer treatments involved 
two variables : seven different rates of applying an 8-8-6 mixture, and 
two different times of applying supplementary nitrogen. The experi- 
ment was set up in three randomized blocks, each treatment was repli- 
cated three times, and an individual plot was 25 feet long and 10 feet 
wide. 

The 8-8-6 mixture consisted of 18 per cent nitrate of soda, 20 per 
cent acid phosphate, and SO per cent muriate of potash. It was applied 


^Grateful acknowledgment is made to Dr. J. B. Edmond fornierly of the Berry 
Schools, Mount Berry, Georgia, for his assistance in the statistical analysis of 
the data, and for helpful suggestions in the preparation of the manuscript. 
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broadcast and hand raked into the soil. The seven rates of application 
varied from lOCX) to 4000 pounds per acre. The supplementary nitro- 
gen was applied in the form of nitrate of soda at the rate of 150 pounds 
per acre at two different times (a) with the fertilizer, and (b) as a top 
dressing when the plants were 2 inches tall. 

During both years of this experiment the seed was planted with a 
hand turned cyclone seeder at the rate of 15 pounds per acre, and 
covered shallow with a hand rake. Each year planting occurred during 
the second week in March, and harvesting took place during the sec- 
ond week in April. In order to maintain rapid growth and develop- 
ment water was applied when ever necessary by means of a portable 
irrigation system equipped with rotary sprinklers. 

Results and Discussion 

The mean yields of the two variables studied in this work are pre- 
sented in Table I. In the rate test the data show that yields increased 


TABLE I — Effects of Fertilizer and Method of Application of Sup- 
plementary Nitrogen on the Yield of Turnip Gredins for Canning 


Pounds 

8-8-6 

Per 

Acre 

Method Used in Applying 1.50 Pounds Nitrate 
of Soda Per Acre 

Mean Yield 
Rate Test 
(Tons 

Per Acre) 

Differences Necessary 
for SigniOcance 

Top Dressing 

With Fertilizer 


Odds 

99;1 

1944 

1945 



1,000 

8.1 

7.3 

7.0 

6.6 

7.4 



1.600 

9.5 

8.3 

9.1 

7.7 

8.7 



2,000 

96 

8.0 

93 

8.2 

8.9 



2,500 

9.0 

8.0 

9.4 

8.3 

9.0 

0.195 

0.292 

3,000 

9.6 

8.6 

90 

8.2 

8.4 



3,500 

9.6 

8 3 

8.8 

8.1 

8.7 



4,000 

9.0 

8.0 

8.4 

7.7 

8.3 



Mean yield (tons per acre) 

Top dressing 

! 8.8 

0.104 

0.156 

Nitrate of soda test 


With fertilizer 

8.3 



Mean yield (tons per acre) 

1944 

9.0 

0.104 

0.156 

By years 



1945 

8.0 




from the 1000 pound to the 2500 pounds per acre application, and de- 
creased from the 2500 pound to the 4000 pounds per acre application. 
The differences between any two succeeding applications are signifi- 
cant except that between the 2000 and 2500 pounds per acre application 
which is insignificant. The low yields for the 3000 pounds per acre and 
succeeding applications are largely due to relatively poor stands. Ap- 
parently the large quantities of soluble nitrogen caused many of the 
young seedlings to die before they reached the surface of the soil. The 
marked and highly significant difference between the 1000 and 1500 
pounds per acre application is of much interest to the grower. The 
addition of the extra 500 pounds of fertilizer would be a sound invest- 
ment in terms of cash net returns. 

In the nitrogen test the data show that in all 14 comparisons apply- 
ing nitrogen as a top dressing when the plants were 2 inches tall pro- 
duced greater yields than applying the same quantity of nitrc^en with 
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the complete fertilizer. The mean difference is highly significant, and 
shows that under the conditions of this experiment a top dressing of 
supplementary nitrogen is a more economically sound practice than 
applying it with the fertilizer. Apparently the addition of supplemen- 
tary nitrogen as a top dressing when the plants are 2 inches tall, and 
the use of irrigation when needed, kept the crop in a healthy, growing 
condition without the development of nitrogen deficiency. Thus, the 
additional 27 pounds of supplementary nitrogen applied at the time 
the basic fertilizer application was made becomes in excess of the needs 
of the crop for at least 2 weeks or longer, and under conditions of 
heavy rainfall is subject to loss both by leaching and surface runoff. 

The data show marked and highly significant differences in yield 
between the two years. Tn fact, in all 14 comparisons greater yields 
were obtained in 1944 than in 1945, due in all probability to more con- 
ducive growing weather in the former than in the latter. 

Summary and Conclusions 

Experiments were conducted with the Shogoin variety of turnip 
greens on bottom lands in central Georgia during the spring seasons 
of 1944 and 1945, to determine the effect of a varying rate of a com- 
plete fertilizer, and method of applying supplementary nitrogen on 
yields of this crop. An 8-^-6 mixture was applied at rates varying 
from 1000 to 4000 pounds per acre, at increments of 500 pounds per 
acre, and 150 pounds of nitrate of soda per acre was applied with 
the fertilizer at the time the land was prepared for planting, and as a 
top dressing when the plants w^ere 2 inches tall. 

Yields of greens increased from the ap])lication of 1000 to 2500 
pounds per acre of the fertilizer, and decreased from the addition of 
2500 to 4000 pounds per acre. The differences in yield are significant 
between the 1000 pound and the 1500 pounds per acre applications, as 
well as between the 1500 pound and the 2000 pounds per acre applica- 
tions, but insignificant between the 2000 pound and the 2500 pounds 
per acre applications. 

Applying supplementary nitrogen as a top dressing when the plants 
were 2 inches tall produced significantly greater yields than applying 
it with the fertilizer just prior to planting. 

On the basis of these results an effective fertilizer for turnip green 
growers of central Georgia would be the application of 1500 to 2000 
pounds per acre of an 8-8-6 fertilizer a little before planting, and this 
followed with the addition of 150 pounds per acre of Nitrate of Soda 
or its equivalent in nitrogen as a top dressing when the plants reach a 
height of approximately 2 inches. 

Literature Cited 

1. *Reder, Ruth, Ascham, Leah, and Eheart, Mary S. Effect of fertilizer 

and environment on the ascorbic acid content of turnip greens. Jour, Agr. 

66 : 375-387. 1943. 

2. Reder, Ruth, ct. al. The effects of maturity, nitrogen fertilization, storage, 

and cooking on the ascorbic acid content of two varieties of turnip greens. 
Georgia, Louisiana, Mississippi, Oklahoma, and Virginia Agricultural Ex- 
periment Stations, and Virginia Truck Experiment Station. Sou, Ser. But, 
1:1-30. 1943. 



324 AMERICAN SOCIETY TOR HORTICULTURAL SCIENCE 

3. Sheets, O. A. et al Effect of fertilizer, soil composition, and certain clima- 

togical conditions on the calcium and phosphorus content of turnip greens. 
Jour. Agr, Res. 68 ; 14^190. 1944. 

4. Speirs, M, et al Effect of fertilizer and environment on the iron content of 

turnip greens. Georgia, Louisiana, Mississippi, Oklahoma, and Virginia 
Agricultural Exi)eriment Stations, and Virginia Truck Experiment Sta- 
tion. Sou. Ser. Bui. 2 : 1-24. 1944. 



Effect of Root^Trimming, Washing, and Waxing 
on the Storage of Turnips 

By M. H. Haller, U. S. Department of Agriculture, 
Beltsville, Md. 

P urple Top turnips grown on DDT spray plots in a sandy soil at 
Beltsville, Maryland were used for these investigations. In 1945 
the turnips were dug and topped on June 2 and were generally large, 
crisp, tender, and mild. In 1946 they were dug and topped on May 3\ 
and averaged smaller than in 1945. Turnips from the different spray 
plots were mixed and given the trimming, washing, and waxing treat- 
ments 2 to 3 days after harvest. 

In topping the turnips about % inch of the leaf petioles was left. 
Trimming consisted of cutting off the narrow tap root and all small 
side roots. In 1945 the roots were washed by immersing them in a 
tank of cold water. Waxing was accomplished by immersing the roots 
in the wax emulsions immediately after washing. They were then 
dried by placing them on a chicken-wire screen in the draft from a 
large fan. In 1946 the roots were washed in cold water by passing 
them through a flotation type apple washer. Wax emulsions were 
applied by means of a waxer in which a froth of the emulsion over- 
flows onto revolving cloths that apply it to the turnips on a roller 
conveyor under the cloths. Drying was then done by conveying the 
roots under a series of heat lamps in a drying tunnel. The hot wax 
treatment consisted in immersing the roots for about one second in 
hot paraffin (96 per cent paraffin plus 4 per cent of resin) at 255 to 
265 degrees F. 

In 1945 the turnips were stored in lined bushel l>askets at 32 degrees 
F with high (954- per cent) and intermediate (854 per cent) hu- 
midity. The intermediate humidity was at a somewhat higher level 
than planned so that the difference was not so large as intended. In 
1946 the roots were stored at two temperatures (32 and 36 degrees) 
instead of at two humidities. 

Each lot (1 bushel in amount) was weighed at the time it was 
placed in storage and when removed from storage and again after a 
period at room temperature. In 1945 the roots were held at 32 de- 
grees F for 4 weeks followed by 11 days at 70 degrees. In 1946 they 
were held at 32 degrees for about 2 weeks, followed by 6 days at 70 
degrees. 

In 1946 respiratory rates were determined at 70 degrees F by the 
method previously described ( 1 ) . 

Results 

The weight loss during cold storage and exposure to 70 degrees F 
after storage is shown in Table I for 1945 and Table II for 1946. 
Washing had no consistent effect on weight loss, apparently reducing 
it in 1945 but increasing it in 1946. 

The small difference in humidity in 1945 had no appreciable effect 
on weight loss at 32 degrees F, the average loss at the higher humidity 
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TABLE I — Weight Loss akd Decay in Turnips as Influenced 
BY Various Treatments ( 1945 ) 


Lot 

No. 

Wash- 

ed 

Wax 

Rela- 

tive 

Humid- 

ity 

(Per 

Cent) 

Roots 

Trim- 

med 

Weight Loss: 

Decay 

(Per 

Cent) 

Kind 

Cone. 

At 32 De- 
grees 
(Per 
Cent) 

At 70 De- 
grees 
(Per 
Cent) 

Total 

(Per 

Cent) 

1 

No 

None 



95 

No 

1.87 

4.73 

6.60 

30.7 

2 

No 

None 

— 

95 

Yes 

1.28 

3.65 

4.93 

20.6 

3 

No 

None 

— 

85 

No 

1.82 1 

4.57 

6.39 

36.3 

4 

No 

None 

— 

85 

Yes 

1.86 1 

3.85 

6.71 

26.9 

Mean 




— 

— 

— 

— 

5.91 

28.6 

f> 

Wrm 


, — 

95 

No 

2 05 


6.65 

7.8 

6 



— 

95 

Yes 


3.16 

4.22 

7.0 

7 

Yes 


— 

85 

No 


2.89 

4.90 

11.0 

8 

Yes 

None 

1 

85 

Yes i 

2.41 

3.76 

6.17 

20.0 

Mean 




— 


— _ 

— 

6.24 

11.5 

9 

Yes 

Sta-Presh 810 

1-2* 

95 

No 1 

1.91 

3.28 

5.19 

13.8 

10 

Yes 

Sta-Fresh 810 

1-2* 

95 

Yes j 

2.15 

3.80 

5.95 

9.6 

11 

Yes 

Sta-Presh 810 

1-2* 

85 

No 

1.84 

3.36 

5.20 

4.2 

12 

Yes 

Sta-Presh 810 

1-2* 

85 

Yes 

1.73 

3.06 

4.79 

3.8 

Mean 




— 

— 

— 

— 

5.28 

7.8 

IB 

Yes 

Sta-Presh 810 

1-4 

95 

No 

2.20 

4.13 

6.33 

6.0 

14 

Yes 

Sta-Presh 810 

1-4 

95 

Yes 

2.30 

4.07 

6.43 

11.6 

15 

Yes 

Sta-Presh 810 

1-4 

85 

No 

1.78 

3.08 

4.86 

2.5 

16 

Yes 

Sta-Presh 810 

1-4 

85 

Yes 

1.98 

3.68 

5.66 

12.1 

Mean 

Yes 



. — 

— 

— 

— 

5.82 

7.8 

17 

Yes 

Brytene 489 A 

l-2t 

95 

No 

1.54 

3.96 

5.50 

4.6 

18 

Yes 

Brytene 489A 

1—27 

95 

Yes 

2.10 

3.74 

5.84 

6.6 

19 

Yes 

Br^ene 489A 

1~2t 

85 

No 

1 1.76 

3 41 

6.17 

1 7 

20 

Yes 

Brytene 489A 

l-2t 

85 

Yes 

1.81 

2.88 

4.69 

3.0 

Mean 




— 

— 

— 

— 

5.30 

3.7 

21 

Yes 

Brytene 489A 

1-4 

95 

No 

1.43 

3.42 

4.85 

3.9 

22 

Yes 

Brytene 489A 

1-4 

95 

Yes 

1.89 

3.79 

5.68 

16.3 

23 

Yes 

Brytene 489A 

1-4 

85 

No 

1.45 

3 48 

4.03 

4.0 

24 

Yes 

Brytene 489A 

1-4 

85 

Yes 

1 69 

2.82 

4.51 

4.6 

Mean 




— 

— 

— 

— 

4.99 

7.2 


♦Undiluted Sta-fresh 810 (Pood Machinery Corporation) consi^^ts of 7 per cent carnauba wax 
and 5 per cent parafhn, with total solids amounting to 18.5 per cent. 

tUndiluted Brytcne 489A (Prankhn Reseat ch Company) consists of 8.1 per cent carnauba wax 
and 4,4 per cent paraffin, with total solids amounting to 18 per cent. 


being 1.82 per cent as compared with 1.84 per cent at the lower 
humidity. 

Likew'^ise the difference in storage temperature in 1946 had no 
significant effect on weight loss, the average loss being 2.91 per cent 
at 32 degrees F and 2.63 per cent at 36 degrees F. With the same 
relative humidity a greater loss would be expected at the higher tem- 
perature because of its greater saturation deficit. 

Trimming the roots also had no significant effect on weight loss. 
The average total loss of the untrimmed (check) turnips was 5,46 
and 6.66 per cent in 1945 and 1946, respectively, whereas the cor- 
responding trimmed lots lost 5.36 and 6.27 per cent. 

Coating the turnips with the various wax emulsions did not appre- 
ciably retard weight loss either year as is shown by the data in 
'fables I and II. However, dipping the turnips in hot melted paraffin 
in the 1946 season gave the roots a relatively heavy coating that 
greatly retarded loss of moisture. The average total loss for this 
treatment was only 1.4 per cent as contrasted with 6,5 to 7.5 per cent 
for the lots Avaxed with the wax emulsions (Table II). These results 
are not entirely in agreement with those of Platenius (2) who ob- 
tained nearly 50 per cent reduction in shrinkage of turnips with 
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TABLE II — ^Weight Loss and Decay in Turnips as Influenced 
BY Various Treatments ( 1946 ) 


Lot 

No. 

Washed 

Wax 

Temp 

of 

Stor- 

age 

De- 

grees 

Weight Loss: 

Decay 1 

(Per Cent) | 

if 

If 

Sprouted 
(Per Ont) 

Kind 

Cone. 

Roots 

Trim- 

med 

At 32 
De- 
grees 
jPer 
Cent) 

At 70 
De- 
grees 
7Per 
C^ent) 

Total 

(Per 

Cent) 

1 

No 

None 

— 

32 

No 

3.4 

4.4 

7 5 

0 

45 

72 

2 

No 

None 

— 

32 

Yes 

3.2 

4.1 

7 3 

3.4 

10 

76 

3 

No 

None 

— 

36 

No 

2.6 

4.0 

6 6 

0 

35 

80 

4 

No 

None 

— 

36 

Yes 

3.2 

4.7 

7.9 

0 

30 

83 



Mean 


— 

— 

— 

— 

7.33 

0.8 

30 

78 

5 

Yes 

None 

— 

32 

No 

4.4 

4.3 

8.7 

0 

30 

68 

6 

Yes 

None 

— 

32 

Yes 

3.6 

3.9 

7,4 

1.1 

25 

71 

7 

Yes 

None 

— 

36 

No 

4.0 

3.9 

79 

0 

45 

76 

8 

Yes 

None 

— 

36 

Yes 

3.9 

5.1 

9.0 

1.0 

75 

77 



Mean 


— 

— 

. — 

— 

8.25 

0.5 

44 

73 

9 

Yes 

Sta-fresh 810* 

1-1 

32 

No 

3.7 

3.8 

7.5 

6.2 

45 

73 

10 

Yes 

Sta-fresh 810* 

1-1 

32 

Yes 

3.6 

4.8 

8.4 

0 

40 

68 

11 

Yes 

Sta-fresh 810* 

1-1 

36 

No 

37 

4 1 

7.8 

0 

36 

67 

12 

Yes 

Sta-fresh 810* 

1-1 

36 

Yes 

3.6 

3.5 

7.1 

1.1 

40 

75 



Mean 


— 

— 

— 

— 

7.70 

1.6 

40 1 

71 

13 

Yes 

Sta-fresh 860** 

1- 1 

32 

No 

2.9 

4.3 

72 

0 

50 

79 

14 

Yes 

Sta-fresh 860** 

1-1 

32 

Yes ! 

3.0 

3.4 

6.4 

1.1 

20 

67 

15 

Yes 

Sta-fresh 800** 

1-1 

36 

No 

3 0 

4.2 

7.2 

1.0 

45 

73 

16 

Yes 

Sta-fresh 860** 

1-1 

36 

Yes 

2.5 

4.0 

6.5 

0 

40 

68 



Mean 


— 

— 

— 

— 

6.83 

0 5 

39 

72 

17 

Yes 

Brytene 333B' ■ 

1-1 

32 

No 

3.0 

4.9 

7.0 

0 

45 

62 

18 

Yes 

Brytene 333B' 

1-1 

32 

Yes 

25 

3.5 

6.0 

0 

25 

72 

19 

Yes 

Brytene 333B' ‘ 

1* 1 

36 

No 

2.4 

4.1 

6.5 

1.0 

35 

69 

20 

Yes 

Brytene 333B' ' 

1 -1 

36 

Yes 

1.5 

4.3 

6.8 

1.0 

35 

79 



Mean 


— 

— 

. — 

— 

6 55 

0 5 

35 

70 

21 ! 

Yes 

S/V PD 351 Gt 

1-1 

32 

No 

3.7 

4.7 

8 4 

0 

55 

62 

22 

Yes ! 

S/V PD35lGt 

1-1 

32 

Yes 

2.7 

4 2 

<i.fl 

0 

40 

72 

23 

Yes 

S/VPD351G| 

1 1 

36 

No 

28 

4.1 

6.9 

0 

30 

69 

24 

Yes 

S/V PD 351 Gt 

l-I 

36 

Yes 

2.6 

4 1 

6 7 

(».9 

30 

83 



Mean 


— 

— 

— 

— 

7.23 

0.2 

39 

72 

25 

Yes 

Hot paraffin 

100 per cent 

32 

No 

07 

1 2 

1.9 

0 

25 

22 

26 j 

Yes 

Hot paraffin 

100 per cent 

32 

Yes 

0.4 

0 9 

1.3 

2.3 

25 

20 

27 

Yes 

Hot pai affin 

100 per cent 

30 

No 

0 8 

05 

1.3 

0 

13 

10 

28 

Yes 

Hot paraffin 

1(X) per cent 

36 

Yes 

0 2 

0.9 

1.1 

2 0 

30 

12 



Mean 


— 

— 

— 

— 

1.4 

1 1 

24 

16 


♦See footnote * of Table 1. 

♦*Sta-fresh 800 (Pood Machinery Corporation) is a wax emulsion similar to their No. 810 but 
with a higher proportion of camauba wax. 

tUndiluted Brytene 333B (Franklin Research Company) emulsion consists of 2.8 per cent 
carnauba wax and 11.3 per cent paraffin with total solids amounting to 24 per cent. 

^Undiluted S/V PD 3510 (Socony- Vacuum Company) emulsion consists of 14.5 per cent high 
melting point vegetable (carnauba) waxes with total solids amounting to 18 to 20 per cent. 


applications of wax emulsions. He found much greater reduction in 
shrinkage of rutabagas when dipped in hot paraffin. Truscott and 
Thomson (3) describe the treatment of rutabagas (turnips) with hot, 
melted paraffin and state that this treatment has been found more 
suitable for turnips than wax emulsions. 

In the 1945 season the turnips were generally crisp and mild in 
flavor after 4 weeks at 32 degrees F storage. There was no shriveling 
in any of the lots and no decay. After holding at 70 degrees for an- 
other 11 days the turnips were moderately pithy. There was still no 
shriveling in any of the lots and no perceptible difference in appear- 
ance between the waxed and unwaxed lots. By this time, however, 
considerable decay had developed in some lots (Table I). It con- 
sisted of a fairly firm decay with practically no discoloration but 
considerable greyish mold on the surface. It was most severe in the 
unwashed lots in which it averaged 28.6 per cent, whereas the washed 
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lots averaged 11.5 per cent and the washed and waxed lots averaged 
from 37 to 7.8 per cent. The decay generally entered at the stem end 
and was not increased by cut or injured surfaces as the trimmed lots 
did not have significantly more decay (average 11.8 per cent) than 
the untrimmed lots (average 10.5 per cent). 

In the 1946 season the turnips were firm and crisp after 2 weeks at 
32 and 36 degrees F. There were slight discolorations from bruising 
and abrasions. Lots waxed with wax emulsions did not look or feel 
differently from unwaxed lots. Lots treated with hot paraffin had a 
glossy, wax finish but the color seemed somewhat dulled. After hold- 
ing at 70 degrees for 6 days following cold storage there was no 
appreciable decay (Table II). All lots felt firm and appeared solid 
but on cutting showed punkiness and in some instances flesh break- 
down consisting of flesh discoloration and open spaces in the flesh. 
Twenty roots from each lot were cut and the percentage of breakdown 
was determined from them. There seemed to be no consistent differ- 
ence in the breakdown attributable to temperature or waxing treat- 
ment, although the lots treated with hot paraffin averaged the least. 
There was also considerable sprouting of new leaves and development 
of new roots. In the lots treated with hot paraffin there were no new 
roots formed and only 16 per cent were sprouting, whereas in the 
other lots slight to much root formation occurred and 70 to 78 per 
cent were sprouting. There was no significant difference in sprout- 
ing or rooting among the lots treated witlithe different wax emulsions 
and the non waxed lots. 

The effect of the different waxing treatments on the respiratory 
activity of turnips at 70 degrees F is shown in Table III. The wax 
emulsions with high proportions of paraffin (Sta-fresh 810 and Bry- 


TABLE III — Rfspiratory Activity (C0« Evolved) of Turnips 
AT 70 Digrees as Infiuenced by Wax Coatings 


Wax Coating 

Washed 

COa (Mg Per Kg Hr) 

None 

No 

516 

None 

Yes 

56 1 

Sta>fret>h 810 

Yes 

47 5 

Sta-fresh 860 

Yes 

53 1 

Brytene 333B 

Yes 

46 8 

SJV PD 351G 

Yes 

56 9 

Hot paraffin 

Yes 

25 2 


tene 333B) apparently reduced the evolution of CO 2 slightly but the 
other wax emulsions did not. The heavy coating of melted paraffin 
reduced the respiratory activity about 50 per cent compared with the 
check lots and the other waxing treatments. 

Discussion 

Washing the turnips improved their appearance and reduced decay, 
presumably by removing decay-producing spores. Root trimming also 
improved the appearance of the turnips and did not increase decay or 
shriveling. These practices therefore, should be very desirable. 

Waxing the turnips with wax emulsions, even with fairly high 
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concentrations of wax, did not affect the appearance of the roots or 
reduce their loss in weight. However the turnips were held under 
conditions of fairly high humidity, and practically no shriveling oc- 
curred* even in the check lots. 

Dipping the turnips in hot melted paraffin (96 per cent paraffin and 
4 per cent resin) produced a relatively thick coating and gave the 
turnips a smooth, glossy appearance. This treatment very greatly 
reduced weight loss. It was also of benefit in that it reduced sprouting 
of new leaves and prevented initiation of new roots. The thick paraffin 
coating retarded gaseous exchange so that the CO 2 evolved and O 2 
consumed were greatly reduced. This would result in a high CO 2 and 
low O 2 content in the internal atmosphere. In some products this 
|>artially anaerobic conditions causes breakdown and off flavors. In 
the case of turnips this condition apparently was not detrimental as 
no off flavors were detected, and it may have been beneficial as there 
appeared to be some reduction in internal breakdown. 

Truscott and Thomson (3) give detailed direction for the use of 
hot paraffin. They suggest tliat the paraffin should be diluted with 2 
to 5 per cent of resin, mineral oil, vaseline, or beeswax to make it less 
brittle. They emphasize that the turnips must be thoroughly dried of 
surface water before dipping so as to prevent burning and discolora- 
tion. With the wax at such a high temperature (250 to 270 degrees 
F) the exposure or dip must be very short (1 second). 
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Developmental Reversal of Dominance 
in Cucurbita pepo^ 

By OvED Shifrtss, W. Atlee Burpee Company, 
Doylestown, Pa. 

I N breeding crop plants we are too often inclined to conceive charac- 
ters as static end-product manifestations rather than as dynamic or 
developmental expressions of the organism. Furthermore, some of 
our difficulties or failures in breeding may be due occasit^nally to a 
lack of proper appreciation, or lack of knowledge, of certain develop- 
mental and physiological processes which bring about the expression 
of these end-product characters. 

The present paper presents a simple study of the inheritance of 
certain plant characters as developmental reactions. This study led 
not only to a better understanding of the genetical mechanism in- 
volved but also brought to light a new tool in plant breeding for the 
differentiation of genoty])es on the basis of a developmental descrip- 
tion of phenotypes. 

A few years ago the writer found that some intervarietal crosses in 
Cncurhito pepo L. manifest a complete reversal of genetical ratios 
(F 2 ) during development. Data on the inheritance of fruit color and 
growth habit have already been accumulated to permit a general 
discussion of the results and their practical and theoretical implica- 
tions. 

Materials and Methods 

Table Queen (Syn. De Moine, Acorn) is a horticultural variety 
placed among the winter squashes but botanically classified with the 
pumpkins of Cucurbita pepo L. The seed is usually sown in the spring 
and fruits are harvested in the fall when fully ripe. Some of the out- 
standing features of this variety are the acorn shape and the persistent 
green color of the fruit, the high quality of the flesh, and the vine habit 
of growth. About 30 days usually elapse from the time of pollination 
to seed maturity and about 50 to 60 days until the fruit is fully ripe. 
Tapley ct al (17) have given a detailed description of this variety. 

A plant was found in the standard variety which had bush habit 
and persistent yellow fruit. In using the word “persistent'' reference 
is made to the external color expression from the time of anthesis 
until the fruit is fully ripe, regardless of changes in color intensity 
during development. 

The homozygous yellow-fruited “bush" strain was crossed with 
the standard green-fruited vine variety and the parents together with 
Fi, backcrosses, F 2 , and some F 3 and F 4 progenies were grown and 
studied on the experimental grounds of the W. Atlee Burpee Com- 
pany, Fordhook Farms, Doylestown, Pennsylvania from 1942 to 1945. 
About 700 plants of one F 2 population were marked and num- 

'The writer wishes to thank Professor Edmund W. Sinnott, Director Scien- 
tific School of Yale University, Professor R. A. Emerson of Cornell University, 
and Mr. Francis Haxo of California Institute of Technology for reading the 
manuscript and for their valuable suggestions. 
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bered consecutively by placing a garden label near the stem base of 
each seedling 10 days after emergence. Records on growth habit and 
fruit color were taken at frequent intervals and complete history of 
each individual, in regard to these characters, was obtained. 

In addition to the above cross, which was the main subject of the 
investigation, numerous intervarietal crosses involving fruit color 
types were made in 1942 but studies of this material were not carried 
out, in most cases, beyond the Fi generation. The Dictionary of Color 
by Maerz and Paul (10), henceforth mentioned as M & P, and the 
Horticultural Colour Chart issued by the British Colour Council in 
collaboration with the Royal Horticultural Society (1), henceforth 
designated as BCC, were used as standards for color comparison. The 
Dictionary proved more useful than the chart for the classification of 
the green-fruited lines and the Chart was more satisfactory for the 
classification of the yellow-fruited lines. 

Discussion of Results 

If one grows the Fi and the F 2 of the cross yellow-fruited bush by 
green-fruited vine, Table Queen, and makes the classification in the 
fall, one finds that the Fi is yellow and that the F 2 segregates in a 
ratio of 3 yellow to 1 green. Oh the basis of this analysis as well as 
on the analysis of the Fa and F 4 one comes to a conclusion that fruit 
color is controlled by a single gene and that yellow is dominant over 
green. However, if classification is made early in the season, at time 
of anthesis or a few days later, one finds that the ovaries of the Fi 
are green and the F 2 segregates in a ratio of 3 green to 1 yellow. One 
then concludes that green is dominant ozwr yellow. 

The inheritance of growth habit follows a similar pattern. Records 
taken relatively early in the season suggest a ratio of 3 bush to 1 vine 
and those taken later in the season give a ratio of 3 vine to 1 bush. 
Data may appear most confusing if taken in the mid-summer during 
the most active period of plant growth. One may conclude then that 
no '"good*' genetical ratios can be obtained and that the inheritance of 
fruit color and especially that of growth habit is rather complex and 
is probably controlled by many genes. 

In tackling this problem, the writer has chosen two distinct phases 
of fruit development for the classification of color phenotypes : 

1. The Flowering Stage, at time of anthesis of any pistillate flowers ; 
this is a definite as well as convenient stage from the standpoint of 
color expression and classification. 

2. The Ripe Fruit Stage, SO to 60 days after anthesis or later. This 
is also a fairly definite stage, when color intensity seems to have 
reached its maximum expression and no visible color changes are 
noted thereafter. 

The classification of growth habit, although a more difficult task, 
was also based on two developmental phases: 

1. Early Stage, during the anthesis of the first few pistillate flowers. 

2. Late Stage, when a plant reaches its maximum vegetative growth 
or thereafter. 

The data presented in Tables I, II, and III indicate that the char- 
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TABLE I— Ikheritanci or Fruit Color (Green vs. Yellow) 
IN Cucurhita Pepo L. Var. Table Queen 


Breeding Material 

Site of 
Population 
(ftantt) 

Flowering Stage (Antheria) 

Ripe Pndt Stage 

Green 

Yellow 

Green 

Yellow 

Green fruited parent 

Yellow fruited parent .... 

Pi 

Observed 

P. 

Calculated (3:1). . . 
Total (for each stage) . . . 
Standard error, 

Large 

Large 

52 

4849 (Initial) 



+ 

1042 

1073.72 

421 

28.S 

+ 

52 

8253 

3231.25 

)5* 

18** 


I'Apparentljr fifty-four plants were lost or otherwise unaccounted for. 
***Deviation insignificant. 


acters of fruit color and growth habit of the two parental varieties are 
differentiated by two pairs of independent genes. The color expres- 
sion, for example, is controlled by the same gene throughout fruit 
development. The same is true for the character of growth habit 
which is controlled by the other independent gene. 

In the case of color inheritance it is interesting to note that when 
the Fi is backcrossed to either parent the ratio is always 1 green to 1 
yellow. The significant difference between the two backcrosses is the 
stage at which the segregation is observed (Table II). The F2 data 
in Table III show clearly the course of developmental reversal of the 
genetical ratio based on individual plant history. 


TABLE II — Inheritance of Fruit Color (Green vs. Yelixjw) in Cucur- 
bita Pepo L. Table Queen (Classification op Backcross Populations) 


Backcrosses 

Flowering Stage (Anthesis) 

Ripe Fruit Stage 

Green 

Yellow 

Green 

Yellow 

F. Xgreen 

62 

0 

24 

25 

Total plants 

52 

49* 

F.Xyellow 

32 ' 

1 35 ‘ 

0 

1 58 

Total plants 

1 67 

1 58 * 


♦Some plants were lost during the season. 


Thus, a method is available for the isolation of any genotype — 
homozygous or heterozygote — in the F2 or in the backcross popula- 
tions. l^ersistent color types, in this particular cross, are always homo- 
zygous and all plants bearing green young fruits which later on be- 
come yellow are heterozygous and segregate in the following genera- 
tion. This method enabled us to isolate, in the F2, or in one season, 
homozygous lines which combine the bush habit and persistent green 
color of fruit. Without the above information it would have taken us 
at least three additional seasons of testing in order to be sure that 
we possess a homozygous line combining these desirable characteris- 
tics. Therefore, it can lie readily seen that a better understanding of 
character expression is not only of theoretical interest but may also 
lead to an immediate practical application. 
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TABLE III — Inheritance of Fruit Color (Green vs. Yellow) and 
Growth Habit (Bush vs. Vine) in Cucurbiia Pepo L, Var. Table 
Queen. Records Were Taken on the Expression op Each F* Segre<- 
GANT, During Development. These Records Offered the Opportunity 
of Detecting the Genotype of Each Phenotype as Well as of Trac- 
ing THE Course of Developmental Changes Which Are the Cause 
of Reversal in the Genetical Ratio 


n«Mrtac SUiB* (tetliMU) - Urly. 

Tb* vf D*r*)o])M»at«l 

of phonetypo* 

Colottlotod ricurot In 
pnronthnala. 

flljw rruit Btns* * 

Phra«tyy«» OM«nr«4 Cal«ulM*4 

JlimiMf* IfuMbsri 

(9*3* 31 1 ) 

Obnoood Cnloalntod 

Niwhnra Nunbora 

{Ii3i3*9) 

tilth Cr«M 3X8 321.75 


41 35.75 

huah Ytllw 1«1 107.25 

106 107.25 

Vine Ortra 117 107.25 

96 107.25 

yiwi TBiltm 36 35,75 

3*9 3*1*75 

T 0 T A 1, I 572* 

572 

572 

Chi S«uAr« 0.20*« 


2.13** 


*The original number of P* seedlings was 698. Not all of the missing 116 plants were lost from 
disease, some hills were not thinned properly, resulting in poorly developed plants which either 
perished away or never reached maturity. Also a section of the planting was made on a very poor 
soil ; records from this section were not complete and therefore excluded from this table. 

♦♦Deviations insignificant. 


A color description of the two liomozygotes and the heterozygote 
is given in Fig. 1. The green-fruited race changes from Parrot (areen 
21 L6 (M & P) to a dark green color designated as 24A7 (M & P) ; 
the yellow-fruited race changes from Uranium Green 6 3/1 (BCC) 
to Orpiment Orange 10 (BCC) and the heterozygote changes from 
Parrot Green to Orpiment Orange during fruit development. 

It is apparent that the switching mechanism zvhich is responsible 
for the reversal in the genetical ratio is due to the developmental re- 
action of the heterosygote. Broadly speaking, this heterosygote mani- 
fests the characteristics of one parent at early developmental stages 
and the characteristics of the other parent in later stages of develop- 
ment. 

Numerous observed crosses between yellow and green-fruited va- 
rieties suggest that the phenomenon of reversal of dominance is quite 
common in Cucurbita pepo L. The reversal reaction, however, may 
not follow the same course in all crosses. Three typical cases of hetero- 
zygote reversal of dominance are presented diagramatically in Fig. 3. 
These three heterozygote reactions differ from each other in the time 
at which green is changed into yellow. The turning point in the 
first heterozygote (green-fruited vine by yellow-fruited bush, Table 
Queen) occurs early in the develof^ent of the fruit or about a week 
or so after anthesis ; the turning point in a related cross occurs about 
2 weeks after anthesis and in the third heterozygote after the fruit 
has reached maximum size, 25 to 30 days after anthesis. 

Heterozygotes may differ also in another respect. In some hybrids 
the change from green to yellow is rather abrupt. (Fig. 1) whereas 
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Fruit 


Color, Claaairiaatlon 


(in 1A6 lanh) 

Oraaa • M * P 

yollow B« C. C. 

Or#«B-rrait«d StrBla 

5 

10 (unthMit) 

ao 

50 

do (auturu) 

Sixty day* nftnr •nthuiln 

21Ld 

2lLd 

2IK4 

2013 

2^1 

21(112 

2I(A7 

Parrot Oraaa 

Parrot Oraaa 

Ralaatt Oraaa 

Atalntb Oraaa 
Ueuotain Or. Forraat 
Brunawlok Or* Oaa^ 


iBllow^rultBd StrBiii 

5 

10 (anthatU) 

20 

50 

do (natura) 

Sixty daya aftar anthaais 



65/1 Oraaliaa Oraaa 

1/2 Sulfur TOllev 

605 A Bnqjilra Yallev 

6/2 ladiaa Tallow 

7/2 Saffrea Tallow 

8 Oadaiaa Oraafia 

10 Orplaaat Oraafo 

Fi Hybrid 

5 

10 (aatbaala) 

20 

50 

do (natura) 

Sixty daya aftar aathaala 

211.6 

2115 

20L3 

Parrot Oraaa 

Craaa Oraaa 

Cartoaa 

603/1 Bapira Tallow 

7/2 Saffrea Tallow 

8 Cadalua Onuaga 

10 Orplaaat Oraaga 


Fig. 1. Relationship between size and color changes of fruit of two strains of 
Table Queen, Cucurbita Pepo L., and their Fi hybrid, during development. 


in others, such as in the cross Fordhook Zucchini by Connecticut 
Straightneck, the change is very gradual and may take place through- 
out a long period of fruit growth. Thus, the latter heterozygote goes 
through color changes from green to yellow as follows: (a) 18L7 
(M & P) ; (b) Love Bird 18L6 (M & P) ; (c) 18L3 (M & P) ; (d) 
Citronelle 18L2 (M & P) ; (e) Chinese yellow 606 (BCC) ; (f) 
wSafFron yellow 7 (BCC) ; (g) Cadmium Orange 8 (BCC) ; and 
finally (h) Tangerine Orange 9 (BCC). During the same period of 
fruit development the yellow-fruited race changes from (a) Grape- 
fruit 19L1 (M & P), (b) SaflPron yellow 7 (BCC), (c) Cadmium 
Orange, and (d) Tangerine Orange 9 (BCC). The green-fruited 
race, Fordhook Zucchini, starts from green and becomes darker until 
it is *'black” green in color or 24A5 (M & P). It should be empha- 
sized that the green color of this heterozygote does not disappear 
completely until the fruit is fully mature. In some crosses between 
certain green and yellow races the change from green to yellow is 
never complete and some green areas are present even on the ripe 
fruit. 

The inheritance of the two characters reported here is unusually 
clear (fruit color and growth habit). It indicates that a simple Men- 
delian phenomenon may be interpreted erroneously or incompletely 
if characters are regarded as static rather than dynamic manifesta- 
tions. Indeed, the data become meaningful only when the characters 
are viewed as developmental processes. 

A few examples of reversal of dominance were reported by Gold- 
schmidt (4), Honing (5) and Ferwerda (3). 

Honing crossed two races of tobacco, normal (deli) by deformis. 
The Fi is first normal but becomes like deformis later on. In crossing 
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Fi with normal he obtained 549 normal individuals and 541 plants 
which behaved like Fi (see also Table II of this paper). In crossing 
the Fi with deformis he obtained 590 plants like deformis and 586 
like Fi. 

Goldschmidt crossed two races of Lymantria dispar, one with trans- 
parent cuticle (bright yellow epidermal markings) and the other with 
dark cuticle (epidermal markings visible only at the very early 
stages). The young Fi caterpillar is light but later on in development 
becomes darker until finally it is entirely pigmented. 

A similar case of ‘'dominanzwechsel” was reported by Ferwerda. 
He crossed an orange race of Tenehrio molitor (a meal worm) with a 
brown race. The larva and pupa of the Fi are orange but the imago 
is brown. 

Both Goldschmidt and Ferwerda interpreted the phenomenon of 
change in dominance in terms of rate or velocity of pigment accumu- 
lation. Thus, Goldschmidt assumed that the rate of pigment produc- 
tion in the dark race of Lymantria is so high that even the young or- 
ganism is already pigmented, whereas in the light race the rate of pig- 
ment formation is so low that it does not produce any visible effect. 
The heterozygote, on the other hand, produces an intermediate rate 
and therefore the young light caterpillar becomes dark only in later 
stages of development when sufficient pigment is accumulated to make 
it visible. Goldschmidt’s interpretation, with some modifications, may 
apply to the cases reported here on reversal of dominance in Cucurbita 
pepo L. 

The Genetics of Fruit Color in Cucurbita pepo L. 

In the course of breeding and genetical studies in Cucurbita pepo L. 
an attempt was made to classify varieties on the basis of their fruit 
color reactions. Such a classification does not have any horticultural 
value but may serve as a basis for future genetical and biochemical 
investigations in this species. All the horticultural varieties and strains 
of Cucurbita pepo L. can be divided into at least six major color 
groups as follows: 

I. White: — White Bush Scallop, Wood’s Prolific, certain strains 
of English Vegetable Marrow, and some gourd varieties. At 
anthesis the ovary is usually green. The turning point from 
green to white is abrupt and occurs a few days later. 

II. Cream: — Certain strains of the Patty Pan group, Burpee 
Fordhook (Vine and bush strains), Perfect Gem, etc. The 
ovary at anthesis is usually green. The turning point from 
green to cream is abrupt and occurs at early stages of fruit 
development. 

III. Yellow: — Early Prolific, Golden Summer Straightneck, Gold- 
en Summer Crookneck, Giant Summer Straightneck, Giant 
Summer Crookneck, Yellow Bush Scallop, Golden Table 
Queen Bush, and so on. The ovary at anthesis is either green 
or yellow. If green it disappears within a few days. The turn- 
ing point is abrupt and occurs at early stages of fruit develop- 
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ment. The ripe fruit may be Cadmium Orange (8 BCC), 
Tangerine Orange (9 BCC), or Orpiment Orange (10 BCC). 

IV. Green-Yellow : — Connecticut Field (Big Tom), Small Sugar 
(New England Pie), Golden Oblong, and perhaps Winter 
Luxury. The ovary at anthesis is always green. The green 
color is of distinct pattern and persists until the fruit has al- 
most reached its maximum size. The turning point is relatively 
slow and occurs very late in fruit development. The ripe fruit 
is Persimon Orange 710 BCC or Persimon Orange 710/2 
BCC. 

V. Green — This group consists of a number of green, black 
green, and gray fruited varieties and strains which vary in 
color intensity and pattern. Strains of Black and Gray Zuc- 
chini, Burpee Fordhook Zucchini, and various strains of Table 
Queen belong to this group. A few orange-colored areas may 
be seen on some ripe-fruits or during winter storage. Orange 
areas may also occupy parts of the fruit that face the ground. 

Vr. Striped or Mottled : — ^Long Green Trailing, Mandan, Deli- 
cata, Sandwich Island, Cocozelle, Top of the Market, and 
various other strains of Italian and English Vegetable Mar- 
row. Fruits are white or light green blotched with small, ir- 
regularly laced dark green areas or with alternating dark 
green stripes. If background is light green it turns yellow 
when fruit is ripe. 

In spite of such remarkable diversity of fruit color types and their 
interesting developmental reactions, in this species, very little has been 
published on the genetical mechanism and practically nothing is known 
about the nature and biogenesis of the pigments involved. 

Sinnott and Durham (IS) made the first genetical study on the 
inheritance of fruit color in Cucurhita pepo L. They concluded that 
the fruit color types are differentiated by at least three independent 
genes Wi-wi, W 2 ~W 2 , and Y-y. Yellow (Y) is dominant over green 
(y), in presence of the two genes wi and W 2 , and white (Wi and 
W 2 ) is epistatic to yellow. Preliminaray tests suggest that the pig- 
ment production of groups II (cream), III (yellow), IV (green- 
yellow), and V (green) may be controlled by a series of major allelo- 
morphs designated tentatively as P^^”>, pyf”), P«y(n), and re- 

spectively. Altogether there may be at least 14 alleles. Fig. 2 represents 
a diagramatic description of the developmental responses of the major 
color genot 3 yes. Each P allele is associated with a given develop- 
mental reaction and specific color intensity (n) of the ripe fruit. Thus, 
stands for a yellow color reaction the final color of which is Cad- 
mium Orange (8 BCC) and P^®, for example, stands for the reaction 
of the yellow-fruited line, such as was used extensively in the present 
investigation, the final color of which is Orpiment Orange (10 BCC). 
The P«^y^ allele stands for a reaction which is green throughout a long 
period of time and then becomes yellow, the final color of which is 
Persimon Orange (710 BCC). The P«^, P«^ P^* — series represents 
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Fig. 2. Diagramatic presentation of the developmental reaction of major 
fruit color groups in Cucurbita Fepo L. 


persistent green color reactions which may differ from each other in 
various ways such as in chlorophyll concentration, a change in the 
ratio between chlorophyll a and b, the presence of chlorophyll break- 
down products, or, perhaps, to a pigmentation of another sort. It is 
also probable that the color of some green and yellow-fruited lines, 
which have not yet been studied, may be controlled by independent 
genes. 

The inheritance of the striped-color types of group VI is not known 
but the heterozygotes which the writer produced by crossing striped 
and non-striped strains were always striped. One heterozygote of a 
cross between a white ‘‘gourd"' and an orange-fruited pumpkin (Big 
Tom) produces fruit which is white until it reaches its maximum 
size and then turns cream, suggesting that the epistasis of some W 
genes may not be always complete. It is also significant that some 
homozygotes in group III (see Fig. 2), for example, exhibit a de- 
velopmental change in fruit color similar to that of the heterozygote 
described in Fig. 1. Therefore, one can state categorically that the 
versat'^ phenomenon in itself is fundamentally a manifestation of gene 
action and not necessarily a peculiar behavior of the heterosygote. One 
can hardly utilize this phenomenon in his breeding operations without 
a full appreciation of the latter statement. Indeed, whenever a reversal 
of dominance can be demonstrated one should not expect to identify 
heterozygotes on the basis of their developmental responses alone but 
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rather as they are compared with the responses of the corresponding 
parental homozygotes. 

The nature of “dopiinance” in respect to the inheritance of fruit 
color requires further elucidation. From a standpoint of end-product 
manifestation one may be justified in saying that, in many cases, yel- 
low is completely dominant over green. However, evidence from 
several intervarietal crosses indicates that the green color reaction is 
not merely a residual heredity. It has already been indicated (Fig. 3) 
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Fu,. 3. Graphic preientation of color development in three heterozygotes of 
croshes between a yellow fruited strain Py^y® (right), and three green- 
fruited strains Pg’ P«\ Pg® P®*, and Pg’^ Pe® (left). Each horizontal line 
represents the length of time from anthesis to ripe fruit stage, during 
which time changes in color occur. The perpendicular line indicates the 
relative position of the turning point in each heterozygote. 

that different hetcrozygotes give distinctly different responses in 
regard to stage and speed of conversion from green to yellow color. 
Since the production of these heterozygotes involves the same yellow- 
fruited parent it is logical to assume that at least some alleles for green 
color have a positive effect. The terms “dominance’' and “recessive- 
ness’ ’ are not especially helpful nor is the designation of alternate al- 
leles by capital and lower-case letters. What really matters is the 
chain-reactions which each allele controls during fruit development. 

There are numerous reports of complete dominance in studies of 
color inheritance. Lawrence and Price (8) state that in case of antho- 
cyanin color, in flowers, “the presence or alisence of anthocyanin is 
here determinated by a single gene, which in the recessive condition 
is apparently inactive”. The same authors show also that in other 
plant species the “absence” of pigment is dominant over the “pres- 
ence” of pigment. Even in cases of complete dominance and apparent 
static relationship, such as “absence” and “presence” of something, 
th^ genic reaction can be described in more dynamic terms. It has 
been assumed, for example, that the red color (RY) of a tomato 
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fruit is due to the “colored’' epidermal layer and the pink color (Ry) 
to the “colorless” condition. LeRosen, Went, and Zechmeister (9) 
have demonstrated, however, that the dominant Y gene controls a 
reaction which produces a tenfold increase in an alkali soluble yellow 
pigment, in the thick cell walls of the epidermis, as compared with the 
reaction produced by the recessive y allele. The transparent skin was 
actually found to contain this pigment but the quantity is not large 
enough to become visible. 

The available data ( 8 ) on genic control of the biogenesis of antlio- 
cyanins and anthoxanthins in flowers, give us a more illuminating 
interpretation of color inheritance than has been formerly presented. 
The anthocyanin color variations are differentiated by single genes 
which control, for example, the number of substituent hydroxyl 
groups in the anthocyanidin molecule, the methylation of the hydroxyl 
groups or the position of the attachment of sugar molecules. A higher 
state of oxidation is usually dominant over a lower one; thus, the 
dephinidin pigment types are dominant over cyanidin, and the cyani- 
din pigment types are dominant to pelargonidin. Gene interaction 
plays an important role in the differentiation of the anthocyanins and 
anthoxanthins which are similar in structure. These substances are 
assumed to be formed from the same precursor which is present in 
limited quantities. There is apparent competition between the two 
and if most of the precursor is utilized in the synthesis of one pigment, 
then, of necessity, less of the other is produced. 

Zechmeister, Beres and Ujhelyi (21, 22) found that the mature 
corolla of Cucurbita pepo L. contains considerably more Kryptoxan- 
thin (C40 Hr,o), and tenfold increase in zeaxanthin (C40 Hdo O2) 
than the corolla of the young buds. The remarkable increase in ze- 
axanthin during flower development is usually associated with a simi- 
lar decrease in lutein (xanthophyll). Moreover, the mature flower is 
distinguished also by the presence of a newly isolated pigment which 
these investigators named petaloxanthin (C40 Hr»e O 3 ). It is also 
interesting to mention here the work of Kuhn and Wiegand, 1929 
(after Schopfer, 13), on Phy satis Alkckcngi. At early stages the calyx 
contains chlorophyll, lutein, and carotene but as it turns yellow, the 
carotene increases and xanthophylls decrease. At maturity chlorophyll 
is absent, physalin (dipalmitic ester of zeaxanthin) abundant and the 
free xanthophylls which remain are represented particularly by ze- 
axanthin. Both fruit and calyx are then red. 

Unfortunately, no studies are available on the relationship between 
genes and the biogenesis of chlorophylls and carotinoids in the pump- 
kin fruit. It is generally known, however, that carotinoid pigments are 
present in chromoplasts, the latter being formed either from leuco- 
plasts or chromoplasts following chlorophyll decomposition. Schop- 
fer (13) reports that phytol is believed to be the precursor of both 
chlorophylls and carotinoids, part of it being used in the formation of 
each of these groups of pigments. It is also assumed that the produc- 
tion of phytol continues throughout plant life and thus a reserve of 
phytol is provided for the rapid formation of carotene during the 
ripening period of the fruit. 
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It is impossible to assign the various P alleles certain reactions in 
the absence of biochemical data. However, a number of interpretations 
can be offered. 

All young ovaries of Cucurbita pepo L., regardless of fruit color 
classification, are green at early bud stage and contain chlorophylls 
and carotinoids. If it is true that these pigments have a common pre- 
cursor (phytol), the role of P gene would then be to determine, 
directly or indirectly, whether the reserves of. such precursor would 
be used primarily for the accumulation of chlorophylls or solely for 
the accumulation of carotenoids. Thus, it may be assumed that the 
main function of allele is to provide favorable conditions for the 
accumulation of chlorophylls whereas the major role of py^«> allele 
would be to block the chlorophyll side chain thus diverting the isopre- 
noid residues or phytol reserves to the carotinoid branch exclusively. 
A simpler interpretation would be to assume that the speed of con- 
version from green to yellow depends on the level of oxidation of 
chlorophylls. Thus, certain heterozygotes, of crosses between green 
and yell(jw-fruitccl strains, produce a lower level of oxidation than 
the yellow homozygotes and therefore the change in color occurs only 
in later stages of development. Whatever the true interpretation may 
be one must realize, on the basis of available knowledge, that the role 
of gene P is to initiate a sequence of reactions which have to do with 
pigment transfonnation, accumulation, depletion, as well as to the 
possible production of new pigments, as pointed out by Zechmeister 
ct al (22), 

The Genetical Control of Growth Habit in Cucurbita pepo L. 

Although the genetical mechanism controlling growth habit is simi- 
lar to that of fruit color it represents some problems which deserve 
special consideration. 

The vine habit of growth is expressed, at early stages, in a single, 
trailing, relatively long stem of long internodes. At later stages, the 
main stem increases in length and long side branches with lengthened 
internodes appear. 

The “bush” type, such as was used widely in this investigation, is 
expressed, at early stages, in a single, upright, relatively short stem 
of shortened internodes. At later stages, two or three short stems may 
develop. This “bush” line is quite prolific and appears normal in 
every respect. In some varieties of Cucurbita pepo L., tree-like inbreds 
can be isolated which may be regarded more typical bush in habit, hav- 
ing no side-branches. These inbreds do not seem to trail much even 
at late stages of plant growth. All the bush types can be classified, 
however, as “dwarfs” since their common characteristic is shortened 
internodes. 

At early stages, or at time of fruit set, the heterozygote of the cross 
between the vine and bush forms resembles the homozygous bush but 
as it grows the internodes become longer until, at the end of the sea- 
son, it is almost indistinguishable from the vine variety. However, the 
reversal is not entirely complete. 
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On the basis of developmental analysis, the character of growth 
habit has been shown (Table III) to be differentiated by a single pair 
of alleles. 

The more common approach of static genetics to character analysis 
is ineffective, in this case, since the segregation in the F 2 population, 
during the active period of growth, suggests quantitative rather than 
qualitative inheritance. This confusion is also due to the fact, not too 
often realized, that characters of some heterozygotes are more subject 
to changes durhtg development and are more susceptible to environ- 
mental variations than the comparable characters of the homozygotes. 
This is especially true when we are dealing with physiological pro- 
cesses associated with growth and development. 

The cause of reversal of dominance in the heterozygote Table Queen 
vine by Table Queen bush can be expressed hypothetically in terms of 
genes and availability of auxin. It is generally assumed that auxin is 
responsible for stem elongation. Van Overbeek (11) demonstrated 
that the dwarf type of growth of nana corn as compared with normal 
corn is associated with higher destruction of auxin in the mesocotyl 
tip. The higher destruction of auxin may be due to a change in oxida- 
tion levels since the nana strain shows also a higher catalase and 
peroxidase activity. The pumpkin heterozygote (bush by vine) could 
produce an intermediate rate of reaction and therefore the elongation 
of internodes does not occur until sufficient quantity of auxin is ac- 
cumulated. Apparently, the elongation of internodes, in the heterozy- 
gote, depends on a delicate physiological balance and it is suspected 
that microecological variations can modify this balance. As a result 
of such internal and external influences the heterozygotes in the F 2 
generation do not represent a distinct class but rather a continuous 
series of variations, between the typical bush and the typical vine 
forms, being part of the bush class at early stages and then gradually 
absorbed in the vine group at later stages of growth. 

The difficulty in analyzing the genetical control of certain so-called 
quantitative characters may be due to the following : 

1. To a large number of genes. 

2 To the different roles which different genes may play during 
development. 

3 To the different responses of different genotypes to envirpn- 
mental variations. 

4. To various types of allelic relationships. 

It is sometimes difficult to draw the line between ‘‘qualitative” and 
“quantitative” characters but the writer has demonstrated that even 
a character which is differentiated by a single gene may seem to the 
observer as quantitative and due to many genes. In tackling the prob- 
lem of genetical control in such cases a developmental approach to 
character expression may help considerably in the analysis. 

Shifriss et al (14) have shown, for example, that the inheritance of 
resistance to mosaic-virus in Cucumis satjvus L. is extremely compli- 
cated when the data are analyzed in the ordinary way. However, when 
the segregating populations are analyzed first at cotyledon stage, be- 
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fore gross differentiation has taken place, definite genetical data can 
be secured, indicating the role of three basic genes. It is very difficult 
to analyze the developmental mechanism of resistance to the mosaic- 
virus, in cucumbers, because of the prominent role which the environ- 
ment plays in its effect on the virulence of the virus, and the possible 
great number of genes or gene modifiers which exert their influence 
during development. In this connection it is interesting to remark 
that the Fi, Syniptomless by Susceptible, is symptomless at cotyledon 
stage but may show signs of infection on the first true leaf or at later 
stages. 

It has been shown, in the above discussion on the genetics of fruit 
color and growth habit, that the heterozygotes for these two charac- 
ters manifest the phenomenon of developmental reversal of ‘‘domi- 
nance". In either case the assumption is that the heterozygotes pro- 
duce an intermediate rate of reaction which in time brings about this 
reversal. Such allelic relationship may also be viewed as a race be- 
tween two opposing reactions during development. The time at which 
this reversal occurs as well as its duration depend upon the potency 
or the dose of each of the opposing factors involved. From the stand- 
point of character expression, neither allele is truly dominant, both 
having their effect upon development. 

The phenomenon of reversal of dominance may be more common 
than has been heretofore realized. Its possible implication to the gen- 
eral problem of gene action and more specifically to the phenomenon 
of heterosis is discussed in the following section. 

Heterozygosity and Hybrid Vigor (Theoretical) 

The study of the heterozygote has been and still is a promising 
field of investigation of gene action. The broad phenomenon of hetero- 
sis, for example, has to be explained by a manner in which genes act 
in the heterozygous condition. Since the publication of Keeble and 
Fellow’s theory (7) of interaction of dominant factors and the 
“Dominance of Linked Gene Hypothesis’* by Jones (6) there has 
been considerable emphasis placed on dominance as static manifesta- 
tion of end products. 

East (2) suggested that hybrid vigor is due to a cumulative effect 
of alleles each of which may produce a slightly different physiological 
process. Stadler (16) suggested a manner by which two alleles can 
produce heterotic effect. In maize each of the eight reported alleles of 
the R series controls the color production in many different regions 
of the plant. The differences in reaction between alleles are due not 
only to differences in color expression or intensity in a given region, 
but also to differences in regions affected. A so-called “dominant" 
allele in one region may be “recessive" to the same alternate allele in 
other region. The effect of R in different regions can be represented 
tentatively by different letters and the phenotypic expression in any 
given region by capital or lower-case letters. If R were a gene con- 
trolling some substance important in cell metabolism, heterozygotes 
such as R (ABcdEf) / R^ (aBCDeF) would be expected to manifest 
heterosis. 
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The phenomenon of developmental reversal of dominance led the 
writer to the hypothesis that heterotic effect could be produced by 
alleles acting differently at different stages of growth. Such a type of 
heterosis would be expressed, of necessity, in terms of total plant per- 
formance during development rather than in terms of any given stage. 

It may be fitting to mention here the case of hybrid vigor in the toma- 
to. Powers (12) demonstrated that the interaction of favorable domi- 
nant genes is not an essential part of a comprehensive theory of heter- 
osis. He showed that, in the tomato, low number of fruits and small 
size may manifest partial dominance but the product of these two 
components is higher in the hybrid than in the higher yielding parent. 
Powers’ data apply to some crosses between very small and large- 
fruited varieties. However, genes for fruit size may not have such a 
significance in other crosses. The writer found that the highest yield- 
ing hybrids of crosses among the commercial large-fruited varieties 
are distinguished primarily by their phenomenal increase in number 
of fruits. Moreover, these hybrids often produce smaller fruits than 
the smaller-fruited parent. Our data, based upon numerous crosses 
among the leading American varieties, indicate that the average fruit 
size of the hybrids may be intermediate (closer to the geometric or 
arithmetic means), larger than the large-fruited parent or smaller than 
the smaller-fruited parent depending on combination and seasonal 
variations. The writer wishes to emphasize that limited genetical 
studies of certain end-product characters, without regard to plant de- 
velopment as a whole, cannot possibly elucidate the problem of hybrid 
vigor which is fundamentally a physiological manifestation. The in- 
crease in yield, expressed either as interaction of genes for size and 
number of fruit or in production of numerous fruits, is closely as- 
sociated with increase in plant size, a long bearing season, and in the 
ability of flowers to set even under adverse weather conditions, to 
mention only a few outstanding features. 

Whaley (18, 19) concluded that in the tomato determinate organs 
of the hybrids increase in number but not in size and that heterosis is 
the result of more tapid growth of the hybrid during early stages, aug- 
mented by less rapid slackening of growth. Our results seem to corre- 
spond with this general conclusion. Heterosis in crosses between very 
early and late varieties is expressed not necessarily in an increase of 
yield at any given picking, during the harvest season, but rather in the 
maintenance of a relatively fair level of production throughout a long 
period of time with the result of increase in total yield. Hybrid vigor, 
in these particular cases, should be attributed to a developmental 
cumulative reaction of the heterozygotes. One is tempted to interpret 
this type of heterosis on tlie basis of developmental reversal of domi- 
nance. Thus, one may say that the genes which make for early-high 
production in the early varieties manifest partial dominance in the 
hybrids during the early part of the harvesting period whereas the 
alleles from the late varieties express partial dominance later on. If, 
however, one interprets the developmental reversal of dominance in 
terms of rate or velocity then one has to assume that these hybrids 
produce an intermediate rate of reaction between the parental lines. 
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This type of intermediacy has apparently a peculiar advantage for the 
hybrid in that it creates a better balance between the v^etative and 
the reproductive phases of the plant, thus enabling it to bear longer or 
to use more efficiently the length of the growing season. Hybrids of 
crosses between very early and very late varieties should be expected 
to express their maximum heterosis in regions of a fairly long grow- 
ing season or be inferior, in total yield, to early varieties, in regions 
of very short growing season. This is borne out by our results 
of hybrid testing on a nation-wide scale. It is not intended here to 
convey the impression that the above postulated theory of heterosis 
will apply to all crosses in the tomato (see Whaley and Long, 20) but 
rather to point out the possibility of a new manner by which allelic as 
well as gene interactions may bring about heterotic effects. 

Should the above hypothesis stand the test of future investiga- 
tions, this type of hybrid vigor may be described as Developmental 
Heterosis. 


Summary 

A green-fruited line of vine habit was crossed with a yellow-frUited 
line of hush habit in Cucurhita pepo L. var. Table Queen. In the F 2 , 
the genetical ratio is 9 green-bush : 3 green-vine : 3 yellow -bush : 1 
yellow vine early in the season, at Flowering Stage, and 1 green-bush : 
3 green vine : 3 yellow-bush : 9 yellow-vine late in the season, at the 
Ripe Fruit Stage. This rever.sal, in the genetical ratio, is due to the 
reaction of the hetcrozygotes which, broadly speaking, manifest the 
characteristics of one j)arent early in the season and the characteristics 
of the other parent later on. All honiozygotes and heterozygotes can 
be isolated individually in the F 2 generation on the basis of their de- 
velopmental reactions. 

Crosses between numerous green and yellow-fruited varieties of 
the said species indicate that heterozygotes differ -from each other in 
time at which the turning point occurs as well as in its duration de- 
pending on the kind of alleles which make up the genotype. Although 
the change in fruit color is always from green to yellow and in growth 
habit from bush to vine the reversal may not always be complete. 

The Fa of the cross “bush"’ by vine is of special interest because of 
its superficial resemblance to quantitative inheritance. This is due to 
the reversal of dominance and perhaps to the greater susceptibility of 
the particular heterozygote to environmental modifications. 

The phenomenon of developmental reversal of dominance has not 
been sufficiently studied or appreciated, in the past, by geneticists and 
plant breeders who are absorbed largely in studies of end-product 
characters. It has been denumstrated that even a simple monogenic 
inheritance may be inte^reted erroneously or incompletely if char- 
acters are viewed as static rather than dynamic manifestations. In any 
breeding operation it would seem advisable to study the developmental 
expression of the Fj heterozygote. Such a study may prove helpful, in 
and thus save years of work. 

A new concept of Deiwlopmcntal Heterosis is suggested as due to 
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developmental reversal of dominance. This may be just one of the 
many ways by which gene and allelic interactions bring about heterotic 
effects, 

some cases, if one attempts to isolate homozygotes in the Fa generation 
Cucurbita pepo L. represents a very favorable material for the 
geneticist and the chemist of plant pigments for studies of gene action. 
This is true because of the diversity of fruit color types in this species, 
tlieir simple inheritance, the interesting developmental reactions mani- 
fested, and the advantages of using fruits which furnish abundance of 
material for chemical analysis throughout development. Studies on the 
biosynthesis of fruit pigments in Cucurbita pepo L. may throw con- 
siderable light on the problem of gene action. 
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The Effect of Maturity and Storage on the 
Carotene Content of Carrot Varieties 

By G. B. Brown, Cheyenne Horticultural Field Station, 
Cheyenne, Wyo, 

T his study was undertaken to determine the importance of varietal 
differences in the carotene content of Wyoming-grown carrots and 
to determine the effect of winter storage upon their carotene content. 

Barnes (3), Hansen (6), Magruder (11), Pepkowitz (14), and 
Werner (17) found that the carotene content of the carrot root in- 
creased up to approximately 100 days after planting, then remained 
fairly constant. Smith, Caldwell, and Burlinson (16), working in 
Arizona, found increases in the carotene content of Imperator and 
Chantenay varieties up to 200 days after planting. 

Hansen (6) found Imperator slightly higher than other varieties 
tested. Pepkowitz (14) found Nantes higher in carotene 90 days after 
planting than Chantenay or Imperator. Kemmerer and Fraps (8), 
using dehydrated carrots, found Long Orange higher than Nantes, 
Imperator, or Chantenay. Bills and McDonald (4) found Scarlet Horn 
highest in carotene of the varieties tested, with Oxheart, Long Orange, 
Danvers Half Long, Chantenay, and Earliest Scarlet Forcing 
(French Forcing) following in the order given. 

Results of workers in dilTerent* localities vary greatly insofar as the 
carotene on a fresh weight basis in any one variety is concerned. Bills 
and McDonald (4), in Indiana, give a value of 8.0 milligrams per 100 
grams for Chantenay. Barnes (3), in New York, shows a value of 
30.6 mg/100 gm for Chantenay. Hansen (6) shows results varying 
from 6.75 to 9.91 mg/100 gm for the Chantenay variety grown in 
different localities in Oregon. Smith, Caldwell, and Burlinson (16) 
found values up to 20.6 mg/ 100 gm on 180-day-old Chantenay carrots 
grown in Arizona, while Pepkowitz et al (15) in Rhode Island show 
a mean value of 4.66 mg/ 100 gm for the same variety. Barnes (3) 
suggests that soil temperatures influence the carotene content to some 
extent, in that low temperatures cause a lighter color in the root. 
Emsweller, Burrell, and Borthwick (5) have shown that color and 
carotene content are proportional. Hansen (6) states that the rate of 
carotene accumulation in the roots decreases at Ioav temperatures. 

Workers in New Mexico (1) reported an increase in carotene 
when carrots are first stored, then a decrease. Werner (17) found no 
change in the carotene content of stored roots until sprouts started in 
the spring, when there was a slight decrease. MacLeod and Utley 
(10), using a bio-assay, found no increase in vitamin A in stored 
carrots. Barnes (3) found that carotene in carrots decreased in stor- 
age up to 80 days, then increased slightly. Langley, Richardson, and 
Andes (9) state that carotene did not decrease in storage. 

Materials and Methods 

Experimental Design: — Babb, Kraus, and Magruder (2) have clas- 
sified the orange-fleshed carrot varieties into nine major groups, based 
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mainly on similarity of root characteristics. Varieties selected to rep- 
resent these nine groups were as follows: Group 1, French Forcing; 
Group 2, Scarlet Horn; Group 3, Oxheart; Group 4, Chantenay; 
Group 5, Danvers ; Group 6, Imperator ; Group 7, James Intermediate ; 
Group 8, Long Orange; and Group 9, Nantes. No attempt was made 
to compare these varieties with others in the same group, but ^ch one 
chosen is typical of its particular group. These nine varieties were 
planted June 15, 1946, in randomized blocks, using four replications 
for each variety. The soil was a Cheyenne Loam, Heavy Phase, and 
was not fertilized. The entire planting was irrigated when necessary 
to maintain good growth. The plants were not thinned. 

The first samples for analysis were taken September 15, 90 days 
after planting, and others at intervals of approximately 2 weeks there- 
after until the final sampling October 28. After the final sampling the 
remaining roots were harvested and stored in tubs of dry sand in a 
root cellar kept at 36 to 40 degrees F. Each tub contained the 
roots from a single plot, and the tubs were randomized in the same 
manner as the field planting. Two subsequent analyses were made on 
these stored roots at intervals of 1 month. While no published data are 
available on the subject, experience has shown that storing of carrots 
in dry sand in the root cellar is superior to other methods of storage 
at this station. 

As most of the literature reports the carotent content of carrots on a 
fresh weight basis, dry weights were not determined on samples taken 
for carotene analyses at different stages of growth. However, it was 
believed that loss of moisture in storage would make advisable the re- 
porting of carotene in stored roots on a dry weight basis. 

Sampling ' — To avoid the selection of only the largest roots, carrots 
from 2 lineal feet of row in each plot were taken, using all the roots 
present except those that were obviously off type for the variety. The 
roots, numbering 6 to 12, were taken to the laboratory, washed and 
dried. These were cjuartered lengthwise after removal of the crown and 
the quarters cut further when necessary to obtain a section of approxi- 
mately the same weight from each carrot. These wedge-shaped por- 
tions were ground in a food chopper and thoroughly mixed. Investi- 
gation has shown that carotene is not destroyed through enzymatic 
action in the ground roots. A 20-gram sample was used for the analy- 
sis. The stored carrots were sampled in the same way, except that 
sections from 10 carrots were used, and a portion of the ground, 
mixed sample was taken for dry weight determinations. 

Chemical Methods : — The method used is essentially the one de- 
scribed by Moore (12) and Moore and Ely (13), modified by using 
an alcoholic solution of potassium hydroxide to wash the petroleum 
ether solution before filtering through the adsorption column. It was 
found that the methanol-KOH solution removed some pigments that 
would pass through the column of dicalcium phosphate with the caro- 
tene and cause higher colorimeter readings than were justified by the 
amount of carotene present. As chlorophyll is not present in carrot 
roots (14), the ordinary procedures for separation of chlorophyll were 
omitted. 
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The light transmission of the extract was determined by the use of 
a Klett-Summcrson colorimeter, using blue filter No. 42, and the caro- 
tene content was calculated by a previously determined factor. The 
factor was obtained by taking transmission readings on several known 
concentrations of pure carotene^ in petroleum ether. Concentrations 
from 1 to 12 milligrams per liter gave the same factor. As the aliquots 
of the carrot extracts fell within this range, the use of the factor was 
justified. 

Dry weight determinations were made by drying to constant weight 
in an electric ^oven at 95 degrees C. 

As equipment was not available, no separation of the various com- 
ponents of carotene was made. Crude carotene is in general a good 
measure of vitamin A from a nutritional standpoint, and, according to 
Harper and Zscheile (7), carotenoid pigments other than alpha- and 
beta-carotene occur in very small amounts in the carrot root. 

Results and Discussion 

Fresh Roots: The data on the carotene content of the carrot roots 
at different stages of growth are shown in Table I. An analysis of 


TABLE I — Carotene in Nine Carrot Varieties at Four Stages 
OF Growth (mg/100 gm Fresh Root) 


Dasns After Planting 

90 

105 

120 

135 

Average 
(Variety Mean) 

Variety 

Mg 

Mg 

Mg 

Mg 

Mg 

Scarlet Horn 

4.13* 

7.27 

6.44 

7.08 

5.98 

French Forcing 

4.04 

7.11 

6.97 

6.36 

6.87 

Nantes 

4.09 

6.05 

4.69 

6.72 

5.14 

Imperator 

4.36 

6,74 

4.06 

5.85 

5.00 

Chantenay 

4.16 

6.69 

4.28 

6.44 

4.89 

Danvers 

3.77 

6.61 

4.08 

6.78 

4.81 

Long Orange 

2.90 

4.29 

3.40 

4.28 

3.72 

Oxheart 

2.48 

4.67 

3.34 

4.36 

3.69 

James Intermediate 

2.40 

4.30 

2.90 

3.55 

3.36 

Average (Date Mean) 

Difference required for significance between variety 

3.62 

5.63 

4.24 

5.38 



means 1 per cent . . . . 
6 per cent . . . . 


0.78 

0.59 

Difference required for significance between date means 

1 per cent . . . 

5 per cent . . . 


0.52 

0.39 


■"Averages for four replications. 


variance showed that statistically significant differences exist between 
varieties, between periods of growth, and between replications. The 
interaction between periods of growth and replications is significant at 
the 5 per cent point. As the carotene is reported on a fresh weight 
basis, the interaction is of doubtful significance, as it could be at- 
tributed to differences in moisture content of the roots, as could also 
the significant differences found between replications. 

The greatest difference in carotene content among! the different peri- 
ods of growth is between the 90-day period and the 105-day period. 
There is no significant difference in carotene content between the 105- 
day period and the 135-day period. The carotene content at the 120- 

^Obtaincd from General Biochemicals, Inc., Chagrin Falls, Ohia 
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day period is significantly lower than either the 105- or the 135-day 
period. This could be due to a heavy rain which fell two days before 
the 120-day period, probably increasing the water content of the roots. 
At the other dates of analysis the soil was fairly dry. 

At 90 days, Imperator and Chantenay appear higher in carot^e, 
although the difference is not statistically significant. Some varietal 
differences in carotene content are highly significant. Scarlet Horn 
and French Forcing are higher in carotene than any other varieties 
tested after the 90-day period of growth. Long Orange, Oxheart, and 
James Intermediate are lower at all periods of growth. At the 105-day 
period and at the final harvest at 135 days, Scarlet Horn and French 
Forcing are significantly higher than Nantes, Imperator, Chantenay, 
and Danvers — among which four varieties there is no significant 
difference. 

Stored Roots : — One variety, James Intermediate, did not produce 
sufficient roots in all replications to be included in the analysis of vari- 
ance. One replication of this variety showed 40.58 milligrams of caro- 
tene in 100 grams of root on a dry weight basis when placed in storage, 
54.38 milligrams after 30 days, and 43.48 milligrams after 60 days. 

All varieties increased in carotene on a fresh weight basis due to 
loss of moisture in storage. Figures on a fresh weight basis (Table TI) 


TABLE II — Carotene in Eight Carrot Varieties During Storage 
(mg/100gm) 


Storage Period 
(Days) 

0 

30 

60 

Average 

Fresh 

Dry 

Fresh 

Dry 

Fresh 

Dry 

Fresh 

Dry 

Variety 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

French Forcing. , . 

Scarlet Horn 

Imperator 

Nantes . 

Danvers ... 

Chantenay 

Oxheart ... 

Long Orange 

Average for storage period . 

i 

Difference required for signifi 

Difference required for signifi 

6.36* 

7.08 

5.85 

6.72 

6.78 

5 44 
4.35 
4.28 

i 

icance be 

icance be 

61.31* 

72.29 

64.50 

55.56 

57.39 

55.13 

42.61 

30.94 

64,34 

itween vi 

tween pc 

8.12 

7.83 

7.90 

6.98 

6 74 
6.68 
5.68 
5.76 

inety me 

iriod mea 

73.66 

71.47 

I 64.21 

67.15 

59.47 
02.26 
52.10 
48.31 
62.33 

sans (dry 

ms (dry 

10.06 

9.09 
8.38 
7.11 
6.64 
6.72 
6.66 

6.10 

basis) 1 
5 

basis) 1 
5 

74.87 
79 58 
66.30 
63.13 
60.03 
63.39 
56.08 
44.80 
63.60 

per cent 
per cent 
per cent 
per cent 

8.18 

8.00 

7.38 
0.61 

6.38 
6.28 
5.66 

5.38 

. 

69.95 

74.45 
61.33 

61.95 

58.96 
60.25 

50.46 
43.35 

9.00 

6.74 

6.51 

4.12 


♦Average of four replications. 


are merely for comparison with Table I. Conclusions regarding change 
in the amount of carotene in the stored carrots are from the figures 
calculated on a dry w^eight. basis. An analysis of variance showed 
statistically significant differences existing between varieties and be- 
tween dates of analysis (storage periods). The means of all varieties 
at each date of analysis are shown in Table II. These roots generally 
increased in carotene content the first 30 days of storage, then re- 
mained fairly constant. 

An examination of Table II shows apparent differences in behavior 
among the different varieties. For instance, Danvers did not increase 
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in carotene at any period of storage, while Oxheart increased at both 
dates of analysis. These differences in behavior, however, are not sta- 
tistically significant at the 5 per cent point. 

Discussion 

The apparent increase in carotene content with the maturity of the 
root, as shown by these experiments, generally agrees with the results 
published by other workers (6, 11, IS, 17) in that the carotene in- 
creases for approximately the first 100 days of growth, then remains 
fairly constant. The variations in the carotene content of roots of the 
same variety grown in different locations as reported in the literature 
(3, 4, 6 , IS, 16) suggest that environmental factors were of greater 
importance than the varieties used. Probably some of this variation is 
due to differences in strains or lines of the same variety, and to differ- 
ences in analytical methods used. 

The increase in carotene content of the stored roots is in agreement 
only with investigators in New Mexico (1). Others (9, 10, 17) report 
no change in carotene content of stored roots, and Barnes (3) reports 
a decrease in storage up to 80 days. Differences in storage conditions 
perhaps influence changes in the carotene content. Further work will 
be done on this storage problem. 

Summary 

Varietal differences in carotene content were found among some of 
the carrot varieties tested. The carotene content of all varieties in- 
creased on a fresh weight basis up to approximately 100 days after 
planting, then remained fairly constant until harvested at 135 days. 
Differences in carotene content of any one variety, as based on reports 
by other workers at different locations indicate that environmental 
factors influence the carotene content. 

In storage, the roots generally were found to have increased in caro- 
tene content on a dry weight basis at 30 days, then to have remained 
at the same level at 60 days. 
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Storage Breakdown of Onions as Affected by 
Stage of Maturity and l.engdi of Topping^ 

By Burton J. Hoyle, University of California, Davis, Calif* 

O nions are generally harvested in California when their tops have 
started to break over, except in the case of the very early crop. 
Davis and Jones (4) found that onions increased in both size and 
yield per acre after most of the tops have gone down. Boswell (1) 
states that the storage losses from decay were less in the early matur- 
ing onions than in the late maturing onions of the same variety. 
Early’* refers to those bulbs whose tops were first to fall over, while 
‘late” refers to those bulbs whose tops did not go down until 3 or 4 
weeks later. Colby (3) also reports less storage decay on early matur- 
ing than late maturing onions. Chroboczek (2), investigating the 
storage of mature and immature onions, reports that the latter kept 
better than the former. Preparatory to storage, onions are usually 
topped. The recommendations as found in the general bulletins on 
onion culture range from to 3 inches as the proper length of 
topping. Jones (5), recommends against too close topping since ‘*a 
large open wound does not dry well and decay organisms may enter”. 

The object of this work was to evaluate the physiological and rot 
losses during storage of onions harvested at different stages of ma- 
turity and topped at different lengths. 

Materials and Methods 

All the bulbs used were from direct field seedings, harvested at the 
following three stages of maturity: A, tops up and green; B, tops 
fallen over but still green ; C, tops fallen over and dry. In order to 
have as nearly comparable storage conditions as possible within each 
variety, all stages of maturity used for each variety were harvested, 
in most cases on the same day. In 1945 the Southport White Globe 
onions were grown at Davis and harvested at maturities A, B, and C, 
on July 27. In 1946 the Southport White Globe onions were obtained 
from Liberty Island in the Delta district and only maturities A and B 
were available on July 25 at the time of harvest. The Australian 
Brown and San Joaquin varieties were grown at Davis. Due to poor 
tops on the Australian Brown variety, maturities A and B, harvested 
on August 6 were lumped together and these were compared with 
maturity C. For the San Joaquin variety, maturities A and B were 
harvested on July 11 and maturity C on July 23. 

The onions were kept in a ‘‘common” type storage — a closed 
building in which relatively cool temperatures were maintained by 
opening ventilators at night and closing them during the day. Diurnal 
changes of temperature fluctuated 10 to 15 degrees F within the 
range of 70 to 85 degrees F over most of the storage period. Relative 
humidity was uncontrolled and in general low due to complete lack of 
precipitation during the length of storage. Bulbs were stored in shal- 

*Thi$ work was supported in part by a grant from the Basic Vegetable 
Products Company of Vacaville, California. 
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low slat*‘bottotn flats. The bulbs were sorted at haiwest to remove 
obvious culls and the samples were weighed and put into storage im- 
mediately. Samples of each stage of maturity were topped at 0, 1, 2. 
and 4 inches above the bulb in 1945 and 0, 2, and 4 inches in 1946. 
Fifty bulbs were used per sample in all cases except for Australian 
Brown when, because of their small size, IS pound samples were used. 
For each stage of maturity 16 samples were used in 1945 and 12 in 
1946. All samples were weighed on spring scales to the nearest 0.2 
pounds. Decayed bulbs were removed, weighed and discarded several 
times during storage and the weight of the remaining sound bulbs 
was determined at the end of the storage period. 

For Southport White Globe, 12 samples for each length of top were 
used in 1945, and eight samples in 1946. There were 12 samples for 
each length of top for the San Joaquin and eight for Australian 
Brown. 

The data are presented as physiological loss, rot loss, and total loss 
(Tables I, TI, and IV. Total loss was determined as follows: At the 
final weighing, rotten bulbs were discarded and the sound bulbs 
weighed. The percentage of sound bulbs remaining was subtracted 

TABLE I — Percentage Break Down of Initial Weight of Two Varie- 
ties OF Onions Harvested at Three Stages of Maturity and Topped 
0, 2, AND 4 Inches from the Bulbs (Stored 10 Weeks). All Figures 
ARE Averages of Four Replicates 



Length 

Southport White Globe 
(1945) 

San Joaquin 
(1940) 

Southport White Globe 
(1946) 

Maturity* 

of Top- 
ping 
(Inches,) 

Physio- 

logical 

Loss 

(Per 

Cent) 

Rot 

Loss 

(Pe 

Cent) 

Total 

Loss 

(Per 

Cent) 

Physio- 

logical 

Loss 

(Per 

Cent) 

Rot 

Loss 

(Per 

Cent) 

Total 

Loss 

(Per 

Cent) 

Physio- 

logical 

Loss 

(Per 

Cent) 

Rot 

l^oss 

(Per 

Cent) 

Total 

Loss 

(Per 

Cent) 

A 

0 

10.5 

174 

31 0 

13.6 

29 4 

38 7 

17.9 

3.3 

20.0 


2 

182 

03,9 

70 3 

14 1 

35.2 

44.3 

17.1 

14 4 

29,0 


4 

20.0 

549 

67.0 

16 9 

44.8 

54 2 

22.2 

7.7 

28 2 

B 

0 

10 8 

40 

14 9 

12.2 

47.6 

54.0 

1C.9 

2.6 

19.1 


2 

13 1 

42.7 1 

50 8 

11.6 

34 8 

42.3 

10.5 

3.2 

13 4 


4 

15.8 

31.6 

42 4 

13.2 

34 9 

43.8 

12.4 

7.8 

19.2 

C 1 

0 

9 5 

15 1 

23 2 

10 2 

35.8 

42.3 





— 


2 

14.2 

27.8 

38 7 

12 9 

33 6 

42.2 

— 

— 

— 


4 

13 5 

29,2 

38 8 

11.9 

33.4 

41 4 

— 

— 

— 

Difference required 
for odds 19.1 

3.7 

90 

9 0 

2.6 

Not sig 

Not sig. 

24 

63 

68 


*A =top& up and green. 

B s«tops down and green. 
C “tops down and dry. 


from 100 to obtain the percentage of the total loss. This value is ex- 
pressed on an original fresh weight basis. Physiological loss was 
measured as weight loss due to water and respiration losses only. It 
consists of the difference between the initial weight of a sample and 
its final weight of both rots and sound bulbs. Since no actual data are 
available on the relative weight loss of sound versus rotten bulbs the 
assumption is made that they both lose weight at the same rate when 
calculating the physiological loss as a percentage of the original fresh 



HOVLE: BREAKDOWN OF ON|ONS 


355 


weight of the sample. Rot loss was arrived at by determining the 
percentage of the final weight of the sample which had to be discarded 
because of rot. Bulbs were considered rotten when an area 1 inch or 
more in diameter became broken down and soft. It follows from the 
above that the total loss is not numerically equal to rot loss plus 
physiological loss. Consider, for example, a sample of 100 pounds 
of onions which lose during storage, 50 per cent by physiological 
loss and 50 per cent by rot loss. The total loss in this case is ob- 
viously not 100 per cent but only 75 per cent since the rot consists of 
50 per cent of the 50 pounds remaining after physiological shrink- 
age. All experimental results are tabulated in Table I except that for 
Australian Brown bulbs, omitted because of no rot loss. To compare 
harvest maturities all samples were averaged regardless of top length 
(Table II). To compare the effect of different top length all samples 
of the same top length and variety were averaged regardless of ma- 
turity (Table IV). All data were treated by analysis of variance (6) 
and where possible significant differences are indicated with odds 
of 99:1. Where thus indicated and no significant results apparent, 
neither are there significant differences at odds of 19:1. In Table I 
the differences required for odds of 19 : 1 are given since most of the 
differences were not significant at 99: 1. 

Results 

Stage of Maturity — The Southport White Globe onions cured in 
1945 showed less physiological shrinkage for maturity C than for 
maturity B and for B less than A There were no differences in rot 
loss between C and B, but both C and B were lower than A The 
same relation held for total loss as for physiological loss (Table II). 


TABLE II — Percentage Breakdown of Initial Weight of Tiirfe Va- 
rieties or Onions, Harvistfd at Three Stagis of Maturity, Aftfr 
Tfn Wifks in Storage 


Variety 

Maturity* 

PhysioloRi 
cal Loss 
(Pei Cent) 

1 

Rot Loss 
(Per Cent) 

Total Loss 
(Per Cent) 

1945 Southport White Globe 

A 

19 7 

43 3 

54 (» 


B 

127 

26 3 

35 6 


C 

82 

22 2 

28 6 

Difference required for odds 99 1 


2 1 

5 5 

60 

1946 Southport White Globe 

A 

19 0 

85 

25 9 


B 

13 2 

46 

17 2 


C 

— 

— 

— 

Difference required for odds 99 1 


20 

Not significant 

5 4 

San Joaquin 

A 

14 9 

36 2 

45 8 


B 

12 3 

39 2 

46 7 


C 

11 7 

34 3 

42 0 

Difference required for odds 99 1 


20 

Not significant 

Not significant 

Australian Brown 

b} 

87 

0 

87 


c' 

50 

0 

50 

Difference required for odds 99 1 


1 4 

— 

1 4 


*A “tops up and green 
B “tops down and green 
C “tops down and dry 
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Only maturities A and B were u^ed for Southport White Glote 
onions in 1946, Physiological shrinkage and total loss were higher in 
maturity A than B while no difference was found for rot loss. With 
San Joaquin bulbs maturities B and C were both lower in physiologi- 
cal shrinkage than A. There were no differences between B and C for 
physiological shrinkage or between maturities A, B, and C for rot or 
total loss. With Australian Brown bulbs no rots developed during the 
storage period. A higher physiological shrinkage was found in ma- 
turity A and B than in maturity C with this variety. 

None of the varieties formed roots in storage. Table III shows the 
formation of green shoots. Of the two varieties in which shoots did 
form one developed more shoots among maturity A and the other 
variety more shoots among maturity C. The data indicate no clear cut 
correlation betweeen stage of maturity and subsequent formation of 
green shoots. 


TABLE III — Formation of Green Shoots After Ten Weeks Storage 
BY Three Varieties of Onions Harvested at Three Stages of 
Maturity 



! 


Percentage of 

Variety 

Year 

Maturity* 

Bulbs Showing 
Shoot Formation 

Southport White Globe 

1945 

A 

7.1 


B 

68 



C 

8.4 

San Joaquin 

1946 

A 

0.7 


B 

1.5 



C 

47 

Southport White Globe 

Australian Brown 

1946 \ 
1946 / 

No shoots formed 

— 


♦A «top8 up and green. 

B “tops down and green, 
C “tops down and dry. 


Length of Topping ' — The results are shown in Table IV. South- 
port White Globe onions were used in 1945. Topping at 0- and 1-inch 
showed no difference for physiological loss, but 2-inch topping showed 
greater loss than either, while 4-inch topping showed an increased 
loss over 2 inches. On rot loss, 1-inch showed a higher loss than 0, 
and 2-inch showed a higher loss than either 1 or 4. For total loss, 1- 
inch showed a higher loss than 0, while 2- and 4-inch toppings showed 
higher losses than 1, all differences being highly significant. No dif- 
ference between 2- and 4-inch topping were found for total loss. 

For all three varieties used in 1946, Southport White Globe, San 
Joaquin, and Australian Browns, significant differences between top 
lengths, were found for physiological shrinkage. With the exception 
of Southport White Globe bulbs in which 0- and 4-inch toppings 
showed higher physiological loss than 2-inch topping, all other varie- 
ties showed the highest losses with 4-inch topping. There were no 
significant differences between length of toppings for rot or total loss. 

Interaction Between Top Length and Maturity : — From Tables I 
and II it can be seen that in several instances there were no significant 
differences between the various losses attributable to length of neck 
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TABLE IV — Pe&centage Breakdown of Initial Weight of Three 
Varieties of Onions Topped at 0 , 2 , and 4 Inches from the Bulb 
AND Stored Ten Weeks 


Variety 

Year 

Length 
of Neck 
(Inches) 

Physio* 

logical 

Loss 

(Per Cent) 

Rot Loss 
(Per Cent) 

Total Loss 
(Per Cent) 

Southport White Globe 

1945 

0 

12.3 

12.3 

23.1 



2 

15.2 

45.0 

53.3 



4 

18.7 

37.8 

49 4 

Difference required for odds 99:1 



24 

63 

58 

Southport White Globe 

1946 

0 

17.4 

3.3 

1 19.9 



2 

13.8 

8.6 

21.2 



4 

17.3 

77 

23 7 

Difference required for odds 99.1 



2.4 

Not significant 

Not significant 

Australian Bromi 

1946 

0 

6.3 

0 

6.3 



2 

55 

0 

5 5 



4 

8.7 

0 

87 

Difference i equired for odds 99:1 



1.7 

— 

1 7 

San Joaquin 

1946 

0 

12.0 

37 5 

45 0 



2 

12.5 

34.4 

42 6 



4 

14.0 

37.7 

46 5 

Difference required for odds 99*1 



2.0 

Not significant 

Not significant 


or time of maturity. In these cases and all others, except Australian 
Brown, a highly significant interaction between time of maturity and 
length of topping was found. The significance of this interaction li^s 
in pointing out that for any one length of topping, losses will vary 
depending on the maturity. The interactions of maturity and length 
of neck are plotted against total loss, rot loss and physiological shrink- 
age in Fig. 1. From these graphs certain generalities are drawn. For 
maturity A, 0-inch topping was superior to 2- or 4-inch topping in 
reducing rot and total loss, while 0- and 2-inch topping resulted in the 
least physiological shrinkage. With maturity B the effect of length 
of topping was very inconsistent as would be expected because of the 
greater variability of maturity within class B than in class A or C. 
Bulbs harvested at maturity C showed fairly consistent losses regard- 
less of length of topping. 


Discussion 

The results presented stress three factors which affect storage 
losses: first, the time of maturity at harvest; second, length of top- 
ping; and third, interaction between time of maturity and length of 
topping. Onions are extremely variable in their keeping quality with- 
in a variety. Between individual samples within a treatment rot losses 
often varied 100 per cent or more. On the other hand physiological 
losses in all cases were remarkably consistent. For these reasons the 
means of physiological losses in all cases showed highly significant 
differences while rot losses and total losses showed significant dif- 
ferences only occasionally. 

The lack of green shoot fonnation may be attributed to the short 
storage period, and lack of roots to low humidity. In no case did more 
rot or physiological loss occur on bulbs topped at 0-inch than on bulbs 
with longer tops. However, these bulbs often became slightly more 
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SOUTHPORT WHITE SOUTHPORT WHITE SAN JOAQUIN 

GtOBE 1945 GLOBE I94G 1946 

PHYSIOLOGICAL SHRINKAGE 




4* TOPS UP a 6PEf/V 

e- TOPS DowAi a gpeeai 

C* TOPS OOW/V a DRY 
mm * 0 iNCH^TOPs 
FTO-I * 2 /AlCH TOPS 
trcTKW • 4 INCH TOPS 





Fig. 1. Interaction between length of topping and time of maturity. All or- 
dinates are per cent losses of initial weight and all abscissa are stages of 
maturity of onions. 
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shriveled than other treatments after several weeks in storage which 
was apparently due to the excess water loss in the vicinity of the open 
top. With some top left on the bulbs, the outer scales were apparently 
held in position and water loss was more uniform from the entire 
bulbs. 

Length of top makes little difference on bulbs harvested when their 
tops are down and dry. This is to be expected since the moisture con- 
tent of the bulb and tops have already reached a relatively low point. 
Bulbs harvested with tops up and green generally kept best with 
0-inch topping. Since these bulbs are succulent, the short topping 
facilitated drying and eliminated the green matter of the tops. Inclu- 
sion of green tops is undesirable since they break down rapidly form- 
ing favorable conditions for rot organisms. 

From unpublished data at this station it was determined that res- 
piration loss may account for as much as 6 to 20 per cent of physio- 
logical loss over a 10-week storage pericxl. 

Summary 

Studies of stage of maturity and length of topping as affecting stor- 
age quality were conducted at Davis in 1945 on Southport White 
Globe onions, and in 1946 on Southport White Globe, San Joaquin, 
and Australian Brown onions. All varieties were harvested at three 
stages of maturity, when possible, and topped at 0, 2, and 4 inches 
from the bulbs. 

If maturity is considered independent of length of neck, physiologi- 
cal shrinkage was found to be highest among bulbs harvested with 
tops up and green, intermediate for bulbs harvested with tops down 
and green, and lowest for those harvested with to})s down and dry. 
Rot and total losses were always lowest for bulbs harvested with tops 
down and dry, and highest for bulbs harvested with tops either down 
and green or up and green. 

If length of topping is considered independent of maturity the 
shorter toppings usually resulted in the least physiological shrinkage 
and generally less rot and total loss. Topping flush with the bulbs 
usually resulted in an increased shrivelling of the bulbs but rotting 
was generally less than for bulbs receiving longer toppings. 

An interaction was found to exist between length of topping and 
maturity. When harvesting bulbs with tops up and green a short top- 
ping length was found to be superior while for bulbs harvested with 
tops down and dry the topping lengths had little influence on subse- 
quent storage behavior. Results for bulbs harvested with tops down 
and green were not consistent. 
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The Effect of Various Levels of Nitrogen and Potash 
on the Yield and Keeping Quality of Onions^ 

By Robert Kunkel, Colorado A. and M. College, Ft. Collins, Colo. 

M any onion fertilizer experiments have been conducted, but as far 
as the author is able to ascertain no one has on an extensive 
scale carried the resulting bulbs through a storage period in order to 
determine the effect on keeping quality. 

It was the purpose of the experiments herein reported to (a) de- 
termine whether or not the yield and keeping quality of onions could 
be influenced by varying both the amount and the time of application 
of nitrogen and potash under field conditions; and (b) to determine 
the relationship between size of bulb and keeping quality. 

Experimental Procedure 

Field Experiments : — A total of four field experiments were con- 
ducted in New York State. Two of them were on the Elba and two of 
them were on the Oswego peat soil areas. 

The 1943 and 1944 Elba experiments were conducted on soils 
which had been under cultivation for 2 years and which would be 
classed as deep, well drained woody mucks.. The field used in 1943 
had been fertilized the 2 years previous with 850 pounds per acre of a 
0-20-20 fertilizer and in 1942 had also received 200 pounds per acre 
of copper and manganese sulfates which were mixed in equal pro- 
portions. The field used in 1944 had been fertilized the 2 years pre- 
vious with about 1500 pounds per acre of a 5-10-10 fertilizer which 
contained some copper. 

The 1943 and 1944 Oswego experiments were conducted on soils 
which had been under cultivation 12 and 15 years respectively. Both 
were deep woody mucks but the one used in 1944 was better drained 
and less acid than the soil used in 1943 (Table I). 

The following six treatments were used both years at Elba and 
Oswego, each treatment replicated five times : 


Treatment No. 

Pounds N. 

Pounds P 2 O 5 

Pounds K 2 O 

1 

0 

80 

120 

2 

40 

80 

0 

3 

40 

80 

120 

4 

80 

80 

240 

5 

40 4-20* 

80 

120 

6 

♦Amount applied as 

40 -4 20* 

a side dressing. 

80 

120 4-60* 


The fertilizer was mixed by hand. One-half of the nitrogen was 
from ammonium sulfate. The remainder was supplied equally by 
nitrate of soda and urea. Superphosphate was used as the source of 
phosphorus and muriate of potash as the source of potash. Ground 
limestone was added to neutralize the acidity of the fertilizer. 

^Paper No. 288. Department of Vegetable Crops, Cornell University, Ithaca, 
New York, 
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The fertilizers were broadcast by hand after which they were disked 
in and the ground leveled and finished off with a float, care being 
taken to go lengthwise of the plots. 

Data concerning size of plot, variety, pH of the soil, and dates of 
harvest and storage are given in Table I. 

At harvest time the onions were pulled and topped with shears 
directly into crates. Within 2 weeks after harvest, the bulbs were 
graded into U. S. No. Ts, 2’s and culls. The number of bulbs in each 
grade were then counted and weighed and a random sample for stor- 
age taken from each plot. 


TABLE I — ^Details of Methods 


Place 

Year 

1 

Size 

of 

Plot 

(Ft) 

Dis- 
tance i 
Be- 
tween 
Rows 
(Ins) 

Date 
Ferti- 
lized 
and 1 
Planted 

1 

j 

Variety* 

Date 

of 

Side- 

dress- 

ing 

Date 

Har- 

vested 

pH of 
Soil at 
End 
Season 

Date 

Stored 

End 

of 

Stor- 

age 

ml 

1943 

16X15 

14 

Apr 29 I 

Early Yel- 
low Globe 

Jun 23 

Aug 24 

6.0 

Oct 20 

Apr 6 

Elba 

1944 

10X20i 

14 

Apr 28 

Early Yel- 
low Globe 
Brigham 

Jun 22 

Aug 21 

62 

Oct 4 

Feb 28 

Oswego 

1943 

16X15 

16 

May .6 

Jun 25 
Jun 13 

Aug 18 

5.J 

Oct 20 

Apr 5 

Oswego 

1944 

10 X20| 

16 1 

Apr 29 

Brigham 

Aug 15 

6.6 

Oct 4 

Apr 10 


♦Elba 1943 Kaci-morczyk’s strain of Early Yellow Globes. 

Elba 1944 Woodruff’s strain of Early Yellow Globe. 

Oswego 1043 Hams’ strain Michigan Yellow Globe. 

Oswego 1044 Hams’ strain Michigan Yellow Globe. 

Storage : — Approximately 1 bushel of the U. S. No. 1 grade of 
onions was taken from each plot and trucked to Ithaca for storage. 
After curing the bulbs were sorted and weighed and placed in storage 
at 40 degrees F. This temperature was selected in order to subject the 
bulbs to somewhat adverse conditions in order to bring out differences 
between treatments before spring work in the field made the job of 
sorting difficult. 

The onions were weighed and sorted at intervals of from 1 to 2 
months. A record was made of the number of the decaying, sprout- 
ing, and rooting bulbs and then they were discarded. Bulbs with both 
sprouts and roots were counted as sprouts. 

In order to obtain data on effect of size of bulb on keeping quality, 
in 1944, 3 bushels of onions under 2 inches in diameter (300 bulbs/ 
bushel) and an equal quantity of bulbs over 2j4 inches in diameter 
(138 bulbs/bushel) were selected in a field adjacent to the Elba fer- 
tilizer plot. The muck had been fertilized with 1500 pounds of 5-10- 
10 to the acre. The variety was Early Yellow Globe. These onions 
were stored in the same manner as those from the fertilizer experi- 
ment. 

In all of the work except in the case of losses due to size of bulb, 
the analysis of variance method was used in determining the signifi- 
cance or lack of significance of data. 

Results 

The Effect of Fertilizer Treatment on Yields : — ^Yield data from 
the various plots are given in Table II. In the Elba experiment in 
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1943 treatment 4 outyielded treatment 1 by odds of greater than 99 : 1 
and outyielded treatment 6 by odds of 19:1, Treatment 5 outyielded 
treatment 1 by odds of 19: 1. 


TABLE II— Yield of Onions in Pounds Per Plot at Ei-ba 
AND Oswego, New York in 1943 and 1944 


Place 

Treatments 

M.S.D. 

1 

2 

3 

4 

5 

6 

5 

Per Cent 

1 

Per Cent 

Elba. 1943* 

122.4 

125.2 

126.6 

130.2 

128.7 

124.8 

6.13 

6.96 

Oswego. 1943 .... 

39.3 

74.4 

70.0 

89.9 

87.6 

87.9 

10.90 

14.80 

Elba. 1944t. . . 

131.7 

130.4 

129.0 

131.9 

126.1 

128.5 

— 

— . — 

Oswego. 1944 ... . 

79.2 

75.4 

78.9 

83.1 

81.0 

79.5 

— 

— 


•1M3 pounds/plot X5.04 equals approximate number of 60<pound bushel per acre. 
tl944 pounds/plot X6. 14 equals approximate number of 60-pound bushel per acre. 


In the Oswego experiment in 1943, there was a great difference in 
the size and color of the plus and the minus nitrogen plots at the time 
that the plots that received treatments 5 and 6 were sidedressed 
(June 25). The differences persisted until harvest time. The minus 
nitrogen plots showed a large amount of dying at the tips of the tops. 
At harvest time the roots of the onions in the minus nitrogen plots 
were still white and firmly attached to the bulbs while those in the 
plus nitrogen plots were dead and separated easily. 

The data in Table II (Oswego, 1943) indicates that treatments 2, 
3, 4, 5, and 6 were better than treatment 1 by odds of much greater 
than 99: 1. Treatment 4 was better than treatments 2 and 3 by odds 
greater than 99:1. Treatments 5 and 6 were better than treatments 2 
and 3 by odds greater than 19: 1, but there was no significant differ- 
ence between treatments 4, 5, and 6. These data show that the major 
response was due to nitrogen, there being no difference in yield be- 
tween no potash, 120 pounds and 180 pounds per acre when nitrogen 
and phosphorus remained constant 

The 1944 experiments did not show significant differences in 
yields between treatments at either Elba or Oswego (Table II). 

The Effect of Various Levels of Nitrogen and Potash on the Keep- 
ing Quality of Onions: — During the course of these experiments it 
was found that under the conditions of the experiment the primary 
loss in storage was due to sprout and root formation, the amount of 
decay and loss in weight being negligibly small by comparison both 
years. No statistically significant difference in loss of weight or num- 
ber of decays was found for any treatment either year so the data are 
not included. 

The effect of sprouting and rooting was not considered separately 
in the analysis of variance of the data because bulbs which showed 
both sprouts and roots were classed as sprouts. The mean weekly 
temperature and per cent relative humidity throughout the storage 
periods are given in Figs. 1 and 2. 

In the Elba experiment in 1943 as shown in Table III, bulbs from 
treatment I sprouted and rooted less than those from treatment 5 by 
odds of 19:1 and those from treatment 4 sprouted and rooted less 
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Number of Days After Harvest 


F:c. 1. Storage losses by sorting ^tes of Brigham Yellow Globe onions 
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TABLE III — Per Cent of the Total Number of Onion Bulbs Stored, 
Discarded Because of Root and Sprout Formation at Termination 
OF Experiment 





Treatment 



Number 
Days Be- 


Year and 
Source of 
Bulbs 

1 

2 

3 

4 

6 

6 

tween 
Harvest 
and End 
of Experi- 
ment 

L.D. 

Elba 1943 

1 

59.9* 

68.4 

61.1 

68.0 

66.0 

63.0 

226 

19:1-5.76 

99:1-7.82 

Elba 1944 

42.3 

44.7 

42.3 

42.7 

45.9 

42.9 

191 


Oswego 1943 . . 

19.1 

11.2 

16.2 

17.7 

17.3 

13.9 

231 

19:1-4.4 

99:1-6.9 

Oswego 1944.. 

87.6 

91.7 

90.6 

92.3 

90.9 

89.7 

238 



*Each figure is the mean of five replications, each consisting of a bushel of onions. 


than those of treatment S by odds greater than 99:1. None of the 
other comparisons was significant. 

These data indicate that nitrogen applied as a sidedressing without 
potash was more detrimental to the keeping quality than was growing 
the onions on a relatively high nitrogen application when applied at 
planting time. The least amount of loss resulted from the onions 
grown on the highet amount of fertilizer when applied at planting 
time. 

In the 1943 Oswego experiment, there were fewer sprouted and 
rooted bulbs in treatment 2 than in treatments 1, 4 and 5 by odds of 
99: 1 and fewer than in treatment 3 by odds of 19:1. Treatment 6 
had fewer sprouting and rooting bulbs than treatment 1 by odds of 
19:1. None of the other comparisons was significant. 

In the 1944 experiments there were no significant differences in 
sprouting or rooting of bulbs from the different treatments in either 
Elba or Oswego. 

As shown in Table IV no significant difference was obtained in 
the experiment with bulbs of large and of small size. . 


TABLE IV — The Effect of Size of Bulb on the Rate of Root 
and Sprout Formation in Storage Listed by Sorting Dates 


Size 

Accumulative Loss Due to 
Sprouting (Per Cent) 

Accumulative Loss Due to 

Rooting (Per Cent) i 

Loss 
Total 
(Per Cent) 

Small bulb.s 
Large bulbs 

Oct 2 

0.55 

0.72 

Dec 6 

4.89 

4.69 

Jan 17 
9.11 
6.52 

Feb 28 
27.33 
29.95 

Oct 2 
0.00 
0.00 

Dec 6 
7.67 
2.66 

Jan 17 
12.44 
12.08 

Feb 28 

59.00 

60.87 

86.33* 

90.82 


♦T = .562 2.776 needed for odds of 19:1 


Discussion 

In these experiments effect of fertilizer treatment on the keeping 
quality were variable. At Elba in 1943 the heaviest application of both 
nitrogen and potash gave the smallest loss due to sprouting and root- 
ing bulbs. The same year at Oswego with a different variety and 
under different soil conditions the greatest losses in storage resulted 
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from the heaviest applications of nitrogen and potash. There is an 
indication, though not statistically significant, that nitrogen when 
added as a sidedressing without potash tended to decrease the keep- 
ing quality. Hawthorne ( 19) in 1932 working on a mineral soil in 
Texas found a correlation between high fertilization, particularly high 
nitrogen and poor keeping quality, but in 1933 the trend was not 
clear. In a later series of experiments covering a period of 2 years he 
concluded potash had a variable effect on keeping quality. 

Wright, et al (10) found that sprouting in stored onions was in- 
fluenced very slightly by humidity but increased with increased tem- 
perature, while rooting increased with increased humidity and was 
but little influenced by increase in temperature. Figs. 1 and 2 show 
that the mean storage temperatures in 1943 and 1944 were essentially 
the same except for the last 2 weeks of the storage period in 1944, 
during which time it was 10 degrees F higher than in 1943. This 
seems to have caused a rapid increase in the number of shoots over 
roots in the Brigham variety, but this is not necessarily the case since 
bulbs with both shoots and roots were classed as shoots. Under the 
storage conditions some bulbs formed only shoots, others only roots, 
others both roots and shoots and still others had formed neither at the 
termination of the experiment. 

The mean weekly humidity in 1944 was generally about 10 per cent 
higher than in 1943, and in the Early Yellow variety there were 
considerably more bulbs with roots than sprouts which might lead 
one to conclude that the Brigham variety is less susceptible to high 
storage humidity than the Early Yellow variety. 

In line with the observations of New York growers and with the 
findings of Magruder et d (8) the Brigham variety kept better in 
storage than the Early Yellow Globe. 

Summary 

Onions of the Early Yellow variety were grown 2 years on muck 
which had been under cultivation 2 years. Onions of the Brigham 
variety were grown 2 years on muck which had been under cultivation 
12 years or more. The same fertilizer treatments were used for both 
varieties both years and each year approximately a bushel sample 
from each plot was stored at Itliaca to determine the effect of the fer- 
tilizer treatments on keeping quality. 

Two sizes of bulbs of the Early Yellow variety were compared as 
to keeping quality. 

1. During neither year on either the 2-or 12-year-old muck was 
there an increase in yield due to potash. 

2. During the cold wet spring of 1943 nitrogen increased the yield 
on both the 2-year-old and the 12-year-old muck but was especially 
beneficial on the low pH 12-year-old muck. 

3. In 1943 nitrogen applied as a side dressing increased the yield 
on both the 2-year-old and the 12-year-old mucks but gave indication 
tliat when added without potash it tended to decrease the keeping 
quality. 
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4. The effect of various levels of nitrogen and potash on keeping 
quality is not clear. In 1943 the bulbs from the Elba plots which re- 
ceived the highest rate of nitrogen and potash kept the best while the 
reverse was true of the onion from Oswego except where an acute 
nitrogen deficiency existed. In 1944 none of the treatments caused a 
statistically significant difference in keeping quality even though min- 
eral nutrients were present in excess. 

5. There was no statistically significant difference between the 
losses due to sprout and root formation attributable to size of bulb. 

6. The primary loss in storage was due to sprout and root forma- 
tion and not to loss in weight or decay. 
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Sweet Com Variety Testing in Mississippi^ 

By J. L. Bowers, Mississippi Agricultural Experiment Station, 
State College, Miss,; T. E, Ashley, South Mississippi Branch 
Experiment Station, Poplarville, Miss,; J, A. Campbell, 
Truck Crjops Experiment Station, Crystal Springs, Miss,; 

M. T. Deonier, U, S, Horticultural Field Station, 
Meridian, Miss,; and L. R. Parish, Delta 
Experiment Station, Stoneville, Miss, 

T he state-wide program of testing sweet corn varieties in 1946 was 
conducted by experiment stations at State College, Stoneville, 
Poplarville, Crystal Springs, and by the United States Horticultural 
Field Station at Meridian, Mississippi. The program was planned to 
test the adaptability of several hybrids to different soil and climatic 
conditions in Mississippi. The Truckers Favorite variety, a field 
corn type grown in the south for fresh roasting ears, and Golden 
Cross Bantam (a true sweet corn type) were grown in each test (and 
used as checks as a means of measuring the performance of the other 
varieties). 

Methods of Testing 

The randomized block lay-out was employed at each location. Each 
variety was replicated five times, and at three locations the plot size 
was two rows, 20 feet in length. At the other two locations the plot 
size varied, but a factor was used in converting the yield to a common 
basis for all stations. 

The corn was harvested in the roasting ear stage which was deter- 
mined by each cooperator at each station. The thumb nail test was 
employed in determining this stage of maturity. The ears were classed^ 
into marketable ears and culls in the tests at State College, Meridian, 
and Stoneville. Ears which had 6 inches of good kernels after the ear 
worm damage had been trimmed off, were classed as "‘marketables^\ 
Total yield records were obtained at four locations, namely. State 
College, Meridian, Poplarville, and Crystal Springs. Records on the 
weight of marketable corn as well as number of ears were taken on 19 
varieties in the tests at State College and Meridian. 

The studies on corn ear worm damage were conducted at Crystal 
Springs, Meridian, and Poplarville Stations. The worm damage found 
on each ear of corn at Crystal Springs and Poplarville Stations was 
given a numerical value on the basis of its extent, as follows : 

0 — No ear worm damage 

1 — Less than 1 inch of tip damaged 

2 — Between 1 and 2 inches of tip damaged 

3 — Between 2 and 3 inches of tip damaged 

A — Between 3 and 4 inches of ear damaged 

5 — Entire length of ear damaged 

^Research Paper No. 156, Department of Horticulture. Published with the 
approvs^l of the Director, Agricultural Experiment Station. 
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The data taken on ear worm in the Meridian test was on the same 
basis, but only 20 ears from jcach variety at random were scored. The 
average index for the 20 ears was recorded. 

Results 

The Tristate variety led in total yield in three out of four locations 
as shown by the data in Table I. The average yield of this variety 


TABLE I— Sweet Corn Variety Trials in Mississippi (Spring 1946) ♦ 


Varieties 

Crystal 

Springs 

Meridian 

Poplar- 

ville 

State 

CJollege 

Average 

Tristate 

1,590 

1,566 

1,115 

1,824 

1,524 

Aristogold Bantam No. 2 ... 

1.940 

1.436 

1,011 

1,446 

1,458 

Illinois Golden No. 10 

1,(100 

1.488 

1,063 

1,415 

1.392 

Golden Hybrid 2439 

1.485 

1,244 

1,028 

1,607 

1,341 

Goldengrain 

1.555 

1,410 

1,011 

1,296 

1,318 

Aristogold Bantam No. 1. 

1.346 

1,437 

1,080 

1,101 

1,241 

Golden Cross Bantam . ... 

1.387 

1.561 

890 

1,109 

1,237 

loana 

1.415 

1.384 

786 

1,161 

1,187 

Truckers Favorite . . 

1,125 

1,053 

873 

1,503 

1,138 

Oto ... 

1,455 

1,462 

726 

866 

1,127 

Tendermost 

1,160 

1,162 

821 

949 

1,023 

Aristogold Bantam No. 3 

1.235 

1,069 

769 

959 

1,008 

Pontiac. . 

1,080 

970 

830 

917 

949 

Topflight Bantam . . . 

Difference required for signiflcance 
between varieties . .... 

895 

850 

614 

1,081 

860 

290 

1 

233 

229 ^ 

414 

150 

Difference req^uired for significance 
between varieties . * 

382 

307 i 

302 

544 

197 


♦Total yield expressed m dozen ears per acre. 


from the four locations was significantly higher than the average yield 
frofn any other variety in the test, with the exception of Aristogold 
Bantam No. 2, Illinois Golden No. 10, and Golden Hybrid 2439. The 
difference in yield between any two of these four leading varieties was 
not great enough to be considered statistically significant. The aver- 
age yield of Golden Cross Bantam from four locations (standard by 
which most varieties are compared) was surpassed only by the yield 
of Tristate, Aristogold Bantam No. 2, and Illinois Golden No. 10. 
The yield from Golden Cross Bantam was superior to the yield from 
each of four varieties, namely, Tendermost, Aristogold Bantam No. 
3, Pontiac, and Topflight Bantam. 

The interaction between places and varieties is significant, which 
means that varieties in this test responded differently in each location. 
For instance, Tristate, the leading variety which produced the highest 
average yield from four locations as shown in Table I, ranked third in 
production at Crystal Springs and first at the other three stations by 
a significant difference. The performance of Aristogold Bantam No. 2 
was even more variable under different soil and climatic conditions. 
This variety ranked first in the Crystal Springs test, fifth in the 
Meridian test, fifth in the Poplarville test, and fourth in the State 
College test. Aristogold Bantam No. 2 produced 1,940 dozen ears per 
acre in the Crystal Springs test which was significantly higher than 
the yield produced by any other variety in the test, and the yield from 
this variety in the State College test was significantly lower than the 
yield of Tristate. 

The data on yield of marketable ears was obtained at Stoneville, 
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Meridian, and State College, and the results from these tests are pre- 
sented in Table 11. Tristate and Aristogold Bantam No. 1, the two 
leading varieties, produced an average yield of 1,213 and 1,095 doa:en 


TABLE II— Sweet Corn Variety Trials in Mississippi (Spring 1946) ♦ 


Varieties 

Meridian 

Stoneville 

State 

College 

Average 

Tristate 

AristoKoId Bantam No. 1 
Aristogold Bantam No. 2 
loana ... .... 





1.328 

1,172 

1,203 

1,167 

1,286 

965 

1,022 

866 

716 

212 

279 

1,165 

1,351 

1,044 

943 

949 

1,013 

878 

749 

928 

212 

279 

19:1 

99:1 

1,145 

763 

793 

726 

634 

741 

606 

860 

610 

263 

346 

229 

301 

1,213 

1,096 

1,013 

945 

923 

906 

835 

825 

761 

132 

174 





Aristogold Bantam No. 3 





Truckers Favorite . . . 





Dtflrerence required for significance 19:1 . 
Difference required for si^ficance 99:1 , 
Difference reouired for significance (va- 
rieties by places) 

Difference rrauired for significance (va- 
rieties by places) 


*Yield of marketable ears, expressed in dozen ears per acre. 


marketable ears per acre, respectively, in these tests. The yield from 
Tristate was significantly higher than the yield from all other varieties 
in the test with the exception of Aristogold Bantam No. 1. Golden 
Cross Bantam produced an average yield of 923 dozen ears per acre, 
and this yield is only significantly outclassed by the yield of Tristate 
and Aristogold Bantam No. 1. Truckers Favorite was badly out- 
classed by Tristate, Aristogold Bantam No. 1 and Aristc^old Bantam 
No. 2 in tests at two locations. loana produced 120 dozen ears per 
acre more than were produced by Truckers Favorite, and this value 
approaches statistical significance. 

In the analysis of the data on yield of marketable ears the inter- 
action of places and varieties is, again, significant, as it was for total 
yield. Aristogold Bantam No. 1, which ranked first in the test at 
Stoneville, placed fourth in the tests at Meridian and State College. 
A still more striking picture is presented by the performance of 
Truckers Favorite under different growing conditions. This variety 
ranked second in the test at State College and eighth and ninth in the 
Meridian and Stoneville tests, respectively. 

Data on the weight of marketable ears were secured at State College 
and Merdian. Tristate was, again, the leading variety in number of 
marketable ears produced, but it ranked third in weight of corn pro- 
duced, preceded by logreen 56 and Truckers Favorite. logreen 56, 
which produced the highest yield in weight (8,677 pounds per acre), 
was significantly lower in number of ears than any one of the four 
leading varieties: Tristate, Illinois Golden No. 10, Goldengrain, or 
Golden Hybrid 2439. Yield of logreen 56 in weight of corn was not 
significantly different from that of any one of the five leading varieties 
presented in Table IV, when the comparisons are made between 
average yields from the two locations. 

Average ear weight is not a true index to ear size because some 
varieties produce relatively thick short ears with large cobs, as shown 
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by the Pontiac variety (1.02 pound per ear). Other varieties produce 
a very thin long ear (small cob), as the Aristogold Bantam No. 1, 
which averaged only 0.52 pounds per ear. The average ear size of the 
five leading varieties (based on total number of ears) varied from 
0.67 to 0./8 pounds. These data indicate that the varieties better 
adapted to Mississippi conditions produce medium-size ears. 

The data presented in Table IV show that Oto produced ears which 

TABLE III — Yield of Marketable Sweet Corn From Nineteen Varie- 


ties AT Two Locations, Namely, State College and Meridian, 
(Spring 1946 ) 



State College 

Meridian 

Average Yield 

Average 

Varieties 

Dozen 
Ears 
Per Acre 

Pounds 

Per 

Acre 

Dozen 
Ears 
Per Acre 

Pounds 

Per 

Acre 

Dozen 

Ears 

Per Acre 

Pounds 

Per 

Acre 

Ear 

Weight 

(Pounds) 

Tristate 

1,145 

7,993 

1,328 

8.708 

1,237 

8,335 

0.67 

Illinois Golden No. 10 

948 

6,998 

1,307 

9,610 

1,125 

8.304 

0.74 

Goldengrain 

897 

6,313 

1.327 

10.201 

1,112 

8.242 

0.74 

Golden Hybrid 2439 . . 

1,094 

7,713 

1,027 

7,495 

1,060 

7,588 

0.72 

White Kernel Golden Cross . . 

793 

6,220 

1.275 

9,952 

1,034 

8,086 

0.78 

Aristogold Bantam No. 2 . . 

793 

6,163 

1,203 

7,433 

098 

6,313 

0.63 

Aristogold Bantam No. 1 

763 

3,950 

1.172 

6.189 

967 

6.069 

0.52 

loana .... 

726 

4,883 

1,167 

7,682 

946 

6,282 

0.66 

Golden Cross Bantam 

534 

3,608 

1,286 

7,868 

910 

5,764 

0.63 

Oto 

554 

8,514 

1,234 

7.371 

894 

5,443 

0.61 

Golden Evergreen Hybrid . 

669 

6,225 

1,099 

7,931 

884 

6,593 

0.76 

Truckers Favorite . . 

860 

8.024 

866 

9,112 

863 

8,584 

0.99 

Aristogold Bantam No. 3 

741 

5,225 

965 

6,624 

853 

5.909 

0.69 

logreen 66 

663 

6,376 

1,037 

10,978 

850 

8,077 

1.02 

Hickory King . , 

710 

6.313 

928 

8,584 

819 

7,433 

0.91 

Tendermost ... .... 

606 

3,763 

1,022 

6,786 

814 i 

4,789 

0.59 

Topflight Bantam . ... 

610 

4,199 

716 

4,447 

603 

4,323 

0.05 

Mammoth Golden . . 

539 

3.645 

741 

4.727 

640 1 

4.130 

0.65 

Pontiac . • ' 

342 

3.203 

622 

6,624 

482 

4.914 

1.02 

Difference required for signi- 
ficance odds 19:1 

335 

2,383 

208 

1,512 

200 

1,457 


Difference required for signi- 
ficance odds 99:1 

441 I 

3,137 

273 

1,990 

263 

1,918 

• 


TABLE IV — ^Ear Worm Damage in Fourteen Varieties of Sweet Corn 
Tested at Three Locations in Mississippi, Spring 1946 , (Average 
Index Numbers Indicating Approximate Extent of Injury From Tip 
OF Ears) 


Varieties 

Crystal 

Springs 

Poplar - 
vale* 

Average 
Damage for 
Two Sta- 
tions 

Meridian** 

Oto 

l.ll 

1.63 

1.32 

1.6 

Illinois Golden No. 10 

1.61 

1.84 

1.68 

J.7 

Golden Hybrid 2439 

1.79 

1.66 

1.73 

1.9 

loana 

1.49 

1.99 

1.74 

1.9 

Aristogold Bantam No. 3 

1.64 

1.96 

1.79 

1.8 

Golden Cross Bantam 

1.46 

2.19 

1.83 

1.7 

Aristogold Bantam No. i 

1.44 

2.35 

1.89 

1.8 

Aristogold Bantam No. 2 ... 

1.88 

1.91 

1.90 

1.8 

Topflight Bantam 

1.54 

2.26 

1.90 

1.8 

Goldengrain 

1.53 

2.36 

1.94 

2.1 

Tendermost 

1.82 

2.08 

1.95 

2.5 

Tnstate 

1.86 

2.14 

2.00 

2.0 

Truckers Favorite 

1.01 

2.39 

2.00 

1.9 

Pontiac 

1.61 

2.51 

2.06 

2.3 

Average damage of all varieties 

1.59 

2.08 

— - 

1.9 

Difference required for significance 





Odds 19:1 

0.18 


0.33 


Difference required for significance 





Odds 997 ! 

0.23 


0.44 



'*'Difference$ between indexes at PoplarviUe are not significant. 
**Data from Meridian did not lend itself to statistical analysis. 
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had significantly less ear worm damage than ears harvested from 
any other variety when the average damage at both stations is con- 
sidered. The average ear wonn damage in Illinois Golden No. 10 and 
in Golden Hybrid 2439 was significantly less than the damage found 
on ears of the Pontiac variety. This damage, however, was not signifi- 
cantly less than the damage found on ears in other varieties in the 
test. 

The results obtained at each station when considered separately are 
strikingly different. Oto showed a significantly less degree of ear 
worm damage than was exhibited by any other variety in the test at 
Crystal Springs. Ears of Golden Hybrid 2439, Tendermost, Tristate, 
and Aristogold Bantam No. 2 showed the greatest amount of worm 
damage in the test at Cp^stal Springs. Wonn injury on ears from 
these varieties was significantly greater than the injury found on 
Golden Cross Bantam ears. The large differences between indexes at 
Poplarville were not significant. The error of estimate was too great 
to permit an accurate estimate of differences. The data on ear wonn 
damage from the Meridian test presents a similar picture to the one 
presented by the Crystal Springs data in some respects. For instance, 
the Oto variety showed the least amount of ear worm injury at both 
stations. Varieties that showed considerable injury in the Crystal 
Springs test were also damaged heavily in the Meridian test. The 
average corn ear worm index of 1.59 for all varieties in the Crystal 
Springs test was significantly less than that for all varieties in the 
Poplarville test (2.08). The average corn ear worm index for all 
varieties in the Meridian test was 1.9 which is slightly less than the 
injury found on ears in the Poplarville test. 

Summary 

Sweet corn varieties that liave been tested in this state indicate 
great variability in the way in which they respond to different en- 
vironments. From the results of the 1946 trials in Mississippi, it 
appears that Tristate is the most widely adapted variety. Furthermore, 
these trials indicate the importance of varietal adaptation for the 
different sections. These tests also showed Aristogold Bantam No. 2, 
Illinois Golden No. 10 and Golden Hybrid 2439 to be widely adapted. 
The first two varieties produced equally as well as the Tristate variety. 

logreen 56, Pontiac, and Truckers Favorite, which produced the 
heaviest ears (average ear weight, 0.99 to 1.02 pounds), were signifi- 
cantly lower in total yield in number of ears than either Tristate, 
Illinois Golden No. 10, Goldengrain, or Golden Hybrid 2439, with 
one exception. Truckers Favorite did not significantly outyield Golden 
Hybrid 2439 in number of ears but the difference approached signifi- 
cance. The types producing the heaviest ears are not necessarily the 
most desirable ones, as is shown by the data presented, 

Oto appeared to be less susceptible to ear worm damage than any 
other hybrid in these tests. This variety did not produce as high a 
total yield as several others in the test, but its productivity was equiva- 
lent to Golden Cross Bantam. Oto was outclassed in total yield by 
only five varieties. Tristate, Aristogold Bantam No. 2, Illinois Golden 
No, 10, Golden Hybrid 2439, and Goldengrain. 



Preliminary Studies on the Effects of Soil Applications 
of 2,4-0 on Crop and Weed Growth^ 

By G. F. Warren, K. P. Buchholtz, and T. P. Hernandez, 
University of Wisconsin, Madison, Wis. 

T he herbicidal action of 2,4--D (2,4-dichlorophenoxyacetic acid) 
and closely related compounds when applied as sprays to the 
above ground parts of plants has been widely studied. Although sev- 
eral workers have reported inhibition of seed germination in soils 
treated with these growth regulators (1, 2, 3, 4, 5, 7, 8, 9), this meth- 
od of weed control has received much less attention than have spray 
applications to the foliage. 

Slade, et at (9) and Blackman (2) reported that it takes about 
twice as much of the substituted phenoxy acetic acids when applied to 
the soil before emergence to be equivalent in herbicidal effect to spray 
applications made to above ground parts. The grasses have been 
found to be generally more resistant tp soil treatments with growth 
regulators than the broadleaved plants (1, 2, 3, 5, 7, 9). On the other 
hand, Allard et al ( 1 ) point out that 2,4-D had a more general herbi- 
cidal effect on germinating seeds than on older plants and suggest 
that this may have practical applications in weed control. Hamner, 
et at (5) and Mitchell and Marth (7) suggested tha£ weed seeds 
might be killed in muck, manure and soil by treatment with 2,4— D 
and weed free crops grown later. 

The purpose of our experiments was to determine the effect of 
applications of 2,4-D to the soil under field conditions on weed con- 
trol and on the germination and growth of certain vegetable crops. It 
seemed possible to control weedy grasses in the seedling stage with 
soil applications of 2,4-D whereas they are resistant to sprays applied 
to the foliage. Also, it appeared that weed control might be effected 
by this method in crops that are sensitive to applications of 2,4-D 
to the top growth. 


Results in 1945 

An experiment was started May 18 on a silt loam soil at Madison, 
Wisconsin to study the residual effects of soil application of 2,4-D 
on the growth of nine crop plants each representing a different family. 
A preparation of the sodium salt of 2,4^ichlorophenoxyacetic acid^ 
containing the equivalent of 70 per cent of the acid was applied as a 
spray to the soil surface. Duplicate plots were treated with varying 
quantities of a solution containing 1,000 parts per million of 2,4-1) 
in water. The quantities used supplied the equivalent of 0, 1, 3 and 
13 pounds of 2,4-D per acre. 

Just before the treatments were made, a short row of each crop was 
planted at one end of every plot. A second planting was made 13 days 
later, and a third, 37 days after spraying the soil. Notes were taken 

^Published with the permission of the Director of the Agricultural Experi- 
ment Station. 

‘Supplied by the Dow Chemical Company, Midland, Michigan. 
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frequently on emergence and estimates of stand and growth compared 
with the checks were made 37 to 39 days after planting. 

The data in Table I show the effect of the treatments on germina- 
tion and growth of four representative crops in the first and second 
plantings. The responses of flax, hemp, cabbage, tomatoes and beets 
were similar to those observed for onions. It will be noted that the 


TABLE I — Effect of 2,4-D Soil Treatments on Rate of Emfjigence, 
Si AND AND Growth of Certain Crops in 1945 




Companson With Check 

Crop 

Pounds 

Applied Immediately After Seeding 

Applied Thirteen Days After Seeding 

2.4-D Per 







Acre 

Delay m 

Stand 

Growth 

Delay m 

Stand 

Growth 




Emergence 

(Days) 

(Per Cent) 

(Pci Cent) 

Emergence 

(Days) 

(Per Cent) 

(Percent) 

Carrots 

1 

12 

40 

20 

0 

60 

100 


3 

14 

0 

— 

0 i 

100 

100 


13 

— 

0 

— 

0 

100 

100 

Oniona 

1 

7 

40 

20 

0 

100 

100 


3 

9 

10 

10 

0 

100 1 

100 


13 

7 

10 

10 

0 

100 

100 

Beans 

1 

0 

80 

60 

0 

too 

100 


3 

9 

40 

40 

0 

100 

60 


13 

8 

20 

20 

2 

80 

20 

Oats 

1 

0 

100 

100 

0 

100 

60 


3 

1 

80 

60 

0 

100 

80 


13 

1 

60 

20 

0 

100 

80 


stand and growth of all crops was reduced and emergence delayed by 
2,4-D. The effect increased as the rate of application increased, but 
was not directly proportional to the amount applied. The crops varied 
in their susceptibility, carrots being most sensitive and oats most 
resistant. 

The planting made 13 days after the soil was treated showed only 
minor effects indicating that most of the 2,4-D had disappeared. All 
crops were normal when planted 37 days after treatment. It should 
be pointed out that the soil was moist when the 2,4-D sprays were 
applied and that in the 2 weeks following treatment there was 1.51 
inches of rainfall. These results are in agreement with those of other 
workers who have found that 2,4-D rapidly loses its toxicity in moist 
soil (4, 5, 7). Some of the 2,4-D may also have been lost by leaching. 
Both Hanks (6) and DeRose (4) found 2,4-D in the leachate from 
treated soils. 

It was noted that there was a marked suppression of weed growth 
which was mostly foxtail (Setaria spp,) in this experiment. The effect 
increased with the higher rate pf application. There were only a few 
weeds present on the plots receiving 3 pounds of 2,4-D per acre and 
at 13 pounds the plots were practically bare for 6 to 8 weeks after 
spraying when the soil was not disturbed. However, by October, these 
same undisturbed parts of the treated plots were as weedy as the 
checks, being indistinguishable from them. Apparently, weed seeds 
that were dormant early in the season germinated and grew normally 
later when the toxicity of the 2,4-D had disappeared. 
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A second experiment was conducted on peat soil to see if it might 
be possible to control weeds with 2,4-D soil treatments without dam- 
aging certain vegetable crops. Duplicate plots were sprayed July 24 
with 120 gallons per acre of solutions of varying concentration to 
give 0, 1, 2, 4, and 8 pounds per acre of 2,4-D. The same preparation 
of 2,4-D was used as in the earlier experiment. Plantings of snap 
beans, beets, carrots and onions were made 0, 3, 7, 9, and 17 days 
after spraying. 

Temperatures were too high for good germination of all crops 
except beans so it was impossible to obtain accurate stand counts. 
However, it was noted that the stands of beans were reduced less 
by 2,4~D than were the stand.s of the other crops. This is in agree- 
ment with the observations on the earlier experiment and with those 
of Crafts (3) who includes beans along with small grains, corn and 
milo as tolerant species. It was further noted that beans planted 0 
and 3 days after treatment, germinated much better than those planted 
7 days after treatment. The explanation appears to lie in the soil 
moisture conditions. In the first plantings the bean seeds were in 
moist soil and germinated rapidly, but the soil surface was dry and 
the 2,4~D applied undoubtedly remained on the surface. From the 
sixth to the eighth day after spraying the soil, there was 1.44 inches 
of rainfall which apparently washed the 2,4-D into the soil and thus 
greatly reduced the germination of the beans planted 7 days after 
treatment. The effect increased with rate of application. Later plant- 
ings showed progressively less injury. However, many of the beans 
that emerged on treated plots showed the virus-like symptoms re- 
ported by Hamner et al (5). 

The effect on weed growth, mostly purslane (Portulaca oleracea), 
was again striking in this experiment. One pound of 2,4-D per acre 
suppressed the growth of weeds somewhat, while 2 pounds caused 
considerable reduction in growth for 1 to 2 weeks. Later the weed 
growth where 2 pounds were applied was as thick as on the check 
plots, but not as large. The 4-pound application gave good control of 
weeds, only a few being present, and when 8 pounds was used the 
plots were practically free of weeds for the duration of the experi- 
ment (5 weeks). 

Results in 1946 

In 1946 an attempt was made to find a practical method of using 
soil applications of 2,4-D to control weeds in sweet com and onions. 
Except as pointed out later, the same preparation of 2,4-D was used 
as in 1945 and applications were made as a spray to the soil surface, 
the amount of water varying from 200 to 400 gallons per acre in the 
various experiments but being constant within any one. Only one 
planting was made in each experiment, the 2,4-D treatments being 
applied at intervals either before or after planting. One or more weed 
counts were made in each experiment, the first one 4 to 6 weeks after 
planting. All weeds were removed each time a count was taken. Thus, 
the difference in weed growth due to treatment was largely eliminated 
as a factor affecting yield. Except as otherwise noted all experiments 
were located at Madison. 
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The 1946 growing season was exceptionally dry and the experi- 
mental results were undoubtedly different from what they might have 
been in a season of higher rainfall. The total precipitation at Madison 
for the 5-month period from April to August inclusive was 9.75 
inches compared with a normal of 17.47 inches. 

Treatments were replicated four times in randomized blocks and 
an analysis of variance was run on all data. Wherever it seemed ad- 
visable, square root transformations were also used but in no case 
were the (^ds of significance more than slightly changed by this pro- 
cedure. Therefore, only the least significant differences on the whole 
numbers are presented. 

Pre-Planting Treatments on Sweet Corn : — To study the effect of 
soil applications on sweet corn, 2,4-D was applied to a silt loam soil 
having a pH of 7.5 at the rate of 4 and 8 pounds per acre, 0, 8, and 
14 days before planting. The entire area was rototilled 3 to 4 inches 
deep just before the first treatment was applied on May 2. Immediate- 
ly after a plot received a 2,4-D spray, it was rototilled to a depth of 
about 3 inches. The entire area was again rototilled just before plant- 
ing, but this time the tiller was set to work no deeper than 1 inches. 
This was to avoid bringing new weed seeds to the treated layer. 

Golden Cross Bantam sweet corn was planted May 16 in plots 15 
by 36 feet with hills spaced 3 feet apart each way, five kernels being 
planted by hand in each hill. Weed and stand counts were made 1 
month after planting. The weeds present were mostly purslane ( Por- 
tulaca oleracea). Weed counts were made by determining the number 
of weeds in a frame 6 inches square thrown into five parts of each plot. 
The five counts were added together for statistical analysis. As soon 
as the weed counts had been made, the entire field was hoed and 
cultivated to a depth of about inches. Two subsequent cultivations 
were made. In harvesting, only the three center rows were used in 
each plot and a border strip was discarded on the ends. The corn was 
picked as it reached canning maturity, harvests being made August 
19, 26 and September 3. 

The results of this experiment arc shown in Table II. The number 
of weeds was greatly reduced by all 2,4-D applications. In general the 
effectiveness increased with rate of application and reduction in time 
interval between treating and planting. 

The vStand of corn was significantly reduced only by the 8 pound 
application applied the day of planting. However, all treatments 
caused a delay in emergence, the degree being in general agreement 
with the severity of the treatment. There was also a delay in tasselling 
and in maturity of the corn. The latter effect is reflected in the table 
by the yield of corn at the first picking. All except the mildest treat- 
ment, that is, 4 pounds of 2,4-D applied 2 weeks before planting, 
caused a significant reduction in the first picking. Total yield, how- 
ever, was only slightly lower than the check for any of the treatments 
and in no case was the difference significant. 

It should be pointed out that within either the 4- or 8-pound rate 
of application of 2,4-D, the effects on both weeds and corn decreased 
as the interval between treatment and planting increased. It should 
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TABLE II — Effect op Pre-Planung Soil Treatments with 2,4-D 
ON Weed Control and the Stand, Earliness and Yield of Sweet 
Corn 


Treatment 

Average No. 
Weeds Per 
180 Sq In 

Average No 
Corn Plants 
Per Plot 

Yield of Marketable Com in Tons Per Acre 

Pounds 

2,4-D 

Per Acre 

No. Days 
Before 
Planting 

First Picking 

Total 

0 

— 

1.38 

93 

3.49 

4.15 

4 

0 

10 

97 

2.45 

3.73 

4 

8 

flO 

80 

2.64 

3.95 

4 

14 

61 

91 

3.14 

3.91 

8 

0 

4 

69 

1.66 

3.64 

8 

8 

10 

84 

2.43 

3.91 

8 

14 

54 

86 

2 86 

4.01 

Le^t sig- \ 5 per cent level 

43 

16 

0.52 

N S. 

nmcant | i pej. level 

difference J 

59 

N.S. 

0.72 



also be pointed out that 4 pounds applied the day of planting gave 
a])proximately the same results with respect to weed counts, stand of 
corn and yield of first picking as did 8 pounds applied 8 days before 
planting. In other words, 2,4-D appeared to be rapidly dissipated in 
the soil. In this connection it was noted that even in the case of the 
8 pound rate applied the day of planting, weeds started to appear by 
mid-summer. Although the season was generally dry, soil moisture 
conditions were quite good immediately after the 2,4-D applications 
were made, there being 1 .80 inches of precipitation from May 2 to 24. 
This loss in toxicity of 2,4--D in warm, moist soil is in agreement with 
the results reported by other workers (4, 5, 7) as already pointed out. 

Pre-Planting Treatments on Onions : — This experiment was simi- 
lar to the one on sweet corn just described except that it was carried 
out on peat soil having a pH of 7.0 and the 2,4-D treatments were 
applied 1, 14 and 21 days before planting. The plots were 5 feet, 10 
inches wide by 10 feet long with 14 inches between rows. The first 
treatment was applied April 10 and Southport Yellow Globe onions 
were planted with a garden seeder May 1. Tillage procedure was the 
same as for the sweet corn except that hand cultivators and rakes 
were used and the soil was worked about 2 inches deep immediately 
after each treatment was applied and about 1 inch in all subsequent 
tillage operations. The weeds present were mostly pigweed ( Amaran- 
thus retroflexus). Those between the rows were controlled by culti- 
vation while the ones which remained in the row, a strip approxi- 
mately 4 inches wide, were pulled from all plots by hand. Counts were 
made of the number of weeds in the 4-inch wide strip of the three 
harvest rows. Stand counts were made, and the onions harvested dur- 
ing the first part of September, at which time they were well matured. 

The data obtained from this experiment are summarized in Table 
III. The stand of onions was significantly reduced by all treatments 
and the yield by all except the one receiving 4 pounds of 2,4-D per 
acre applied 21 days before planting. The average number of weeds 
present at the first weeding was much lower on all the plots treated 
with 2,4-D than on the check plots. Within the 2,4-D treatments, the 
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plots receiving 4 pounds 21 days before planting gave weed counts 
significantly higher than the other treated plots. 

The number of weeds in the second and third weedings is combined 
in the table. All 2,4~D treatments except the one receiving 4 pounds 
21 days before planting gave significantly lower weed counts than did 
the check. The fact that the 4 pound application 21 days before plant- 
ing had nearly as high a count as the check indicates that the toxicity 
of the 2,4~D was wearing off. These results seem to support those 
discussed in connection with the sweet corn, although in this experi- 
ment the rate of loss in toxicity appeared to be slower. The latter ob- 
servation may have been a result of the extremely dry weather in 
April. From April 10 when the first treatment was applied to May 1 
when the onions were planted, there was only .25 inches of precipita- 
tion. Mitchell and Marth (7) found 2,4~D to be inactivated much 
more rapidly in moist soil than in air-dry soil. 

It should be noted that 4 pounds of 2,4-D applied the day before 
planting gave practically the same results with respect to weed counts, 
and stand and yield of onions as did 8 pounds applied 21 days before 


TABLE III — Effect of Pre-Planiinc Soil Treatments with 2,4-D 
ON Weed Control and the Stand and Yield of Onions 


Treatment 

Average No Weeds Per Plot 

Average 

No Onion 
Plants 

Per Plot 

Yield of 

U S No 1 
Onions 
(Bushels Per 
Acre) 

Pounds 2 4-D 
Per Acre 

No Days Be- 
fore Planting 

First 

Weeding 

Later 

Weedmgs 

0 



479 1 

64 

261 

636 

4 

1 

33 

22 

140 

405 

4 

14 

16 

15 

156 

383 

4 

21 

63 

'iS 

186 

666 

8 

1 

17 

0 

68 

213 

8 

14 

13 

19 

60 

197 

8 

21 

22 

24 

136 

384 

Least significant 

1 5 per cent level 

26 

24 

47 

106 

difference 

1 1 per cent level 

36 

33 

66 

145 


planting. These results together with those pointed out in the sweet 
corn experiment indicate that a small amount applied at planting time 
will produce essentially the same effects as a larger amount applied at 
some earlier date. , 

Post-Emergence Treatments on Onions — It was thought that es- 
tablished plants might be more resistant than germinating seeds to 
2,4~D soil treatments. Weaver, et at (11) showed established soybean 
plants to be relatively unaffected by 2,4-D soil treatments, but 10 and 
20 pounds per acre applied at planting time markedly reduced the 
yield. An experiment was conducted in which the 2,4-D for each 
plot was dissolved in water and applied to about 2.5 pounds of sand. 
This was then dried, mixed and spread on the soil, 1, 2 and 3 weeks 
after the onion plants were up to give 4 and 8 pounds of 2,4-D per 
acre. By this procedure, it was possible to treat the soil without get- 
ting 2,4-D on the tops. Earlier experiments (10) have shown that 
onion seedlings are killed by 2,4-D sprays. 

The 2,4-D treatments resulted in considerable stunting and dis- 
tortion of the weeds, but only about 50 per cent reduction in the num- 
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ber present at the time of the first weeding* All treatments greatly 
reduced the number of weeds at the second weeding. However, there 
were only about one-sixth as many present on the check plots at this 
time. The reduced effectiveness on early weeds as compared with 
pre-planting treatments may be a result not only of the delayed ap- 
plication, but also of the dependence on rainfall to wash the 2,4-D 
into the soil. 

The treatments appeared to have practically no effect on the stand 
of onions. The yield, however, was 12 to 35 per cent lower on the 
treated plots and the differences were significant in all except one 
case. The onions looked normal on all plots early in the season, but 
by mid-July it was noted that many of the roots were injured by 

2,4-D and all but a few roots were dead on some of the plants. This 
is in agreement with results reported by Allard, et al (1) and Nut- 
man, et al (8) who found the greatest effect of soil applications of 

2,4-D was on the roots. 

Pre-Emergence Treatments on Onions : — In these experiments the 

2,4-D was sprayed on the soil just before the onions emerged. The 
idea in this procedure was to kill by contact all susceptible weeds 
above ground at the time of spraying and to leave enough 2,4-D in 
the soil to suppress later weed growth. It was hoped that the onions 
might be injured less than when the 2,4-D was applied at time of 
planting, 

A seeding of onions was made May 14 and sprays applied May 25. 
At time of spraying only a few scattered onions were showing above 
ground. The field, variety and plot size as well as weeding, cultivation 
and harvesting procedure was the same as that used in the pre- 
planting experiment. The yield was extremely low and the bulbs 
small due to late planting and dry weather. 

The results are presented in Table IV. Both rates of application 
caused a large reduction in the weed population (Fig. 1) and the 
weeds that survived were severely stunted and distorted. It is prob- 
able that some of these weeds would not have survived had they been 
left undisturbed. The stand of onions was significantly reduced by 
the 8-pound but not by the 4 -pound rate. The yield of total and No. 1 
onions was reduced by both treatments, especially by the heavier 
quantity. An analysis of co-variance indicated that the reductions in 


TABLE IV— Effect of 2,4-D Pre-Emergence Sprays on Weed 

CONTROf. AND THE STAND AND YiELD OP OnIONS 


Pounds 2,4-D Per Acre 

Average Number Weeds 
Per Plot 

Average 
No. 
Onion 
Plants 
Per not 

Yield of Onions 
(Bushels Per Acre) 

First 

Weeding 

Later j 
Weedmgs 

U. S. 

No. 1 

Total 


0 

626 

33 

286 

156 

380 


4 

164 

7 1 

244 

123 

305 


8 

61 

1 

195 

44 

179 

Least 

5 per cent level 

144 

16 

69 

26 

46 

significant 

difference 

1 per cent level 

218 

24 

105 

39 

69 
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Fig. 1. Effect of a 2,4-D pre-emergence spray on weed growth in onions. 
Left: untreated. Right: 4 pounds of 2,4~D per acre applied just before 
the onions emerged. 

yield are due some to differences in stand but mostly to differences in 
size of onions. 

I^ate planting and dry weather may have resulted in greater injury 
from 2,4-D in this experiment than would have occurred under more 
favorable conditions. The onions showed little apparent injury early 
in the season, but later the roots w^ere severely damaged on treated 
plots and some plants died. The 2,4— D did not seem to disappear as 
rapidly as when the soil was more moist which was the case in some 
of the other experiments. 

A treatment with 2,4-D at 4 pounds per acre was included in an 
experiment conducted in a commercial field in Racine County under 
more favorable growing conditions. The 2,4-D was applied as a pre- 
emergence spray on May 14 just as the first onions were coming up. 
Accurate weed counts were not made, but the observed control was 
good. The average yield of onions on the untreated plots was 995 
bushels per acre and on those treated with 2,4-D it was 884 bushels. 
The difference, however, was not significant at the 5 per cent level. 
The average number of onion plants per plot was 206 for the untreated 
and 143 for the treated, this difference being highly significant. 

A third experiment with pre-emergence sprays on onions was con- 
ducted in another commercial field. In this case, in contrast to all the 
other experiments, a preparation was used which contained 22 per 
cent 2,4-D as the butyl ester in an oil emulsion. The rates of appli- 
cation were 4 and 8 pounds per acre and the same procedure was used 
as before. Only a few onions came up on any of the treated plots and 




WARREN, BtJCHHQLTZ, AND HERNANDEZ : 24-D 381 

all of these died when still small. Although further study is needed, it 
appears that results may be greatly influenced by the 2,4-D prepara- 
tion used. 

Effect of 2,4-D on Keeping QueUity of Onions : — Samples were 
taken at time of harvest from all experiments and placed in a rather 
warm room to give severe storage conditions. When removed on 
February 19, 1947, the average shrinkage for all lots was somewhat 
over 30 per cent and was due largely to sprouting. There were only 
slight differences in the per cent shrinkage between any of the un- 
treated and treated lots. 

Discussion and Summary 

The results of these experiments indicate that good control of fox- 
tail, purslane, pigweed and certain other annual weeds may be 
obtained by soil applications of 4 or more pounds per acre of the 
sodium salt of 2,4^ichlorophenoxyacetic acid. Slightly lower rates 
may give practical control but more information is needed on this 
point. The treatments seemed to effect only germinating seeds since 
new weeds started to grow in undisturbed soil when the toxicity of 
the 2,4-D had disappeared. This observation makes questionable the 
possibility of killing weed seeds in the soil with 2,4->D and growing 
weed free crops at a later date when the toxicity has disappeared as 
suggested by Ilaniner, cl al (5) and Mitchell and Marth (7). Our 
experiments indicate that to be effective 2,4-D must be present in 
toxic concentrations at the time the weed seeds are germinating. 

The time required for dissipation of the 2,4-D appeared to be in- 
fluenced by both rate of application and soil moisture. In general, an 
increase in rate of application or a decrease in soil moisture prolonged 
the period of toxicity. In these experiments, 4- and 8-pound applica- 
tions of 2,4-D gave good weed control for a period of 6 to 8 weeks or 
longer. 

The germination of all crop plants tested with the exception of oats 
and sweet corn was reduced by 2,4-D soil treatments applied at or 
just before planting time. An experiment with sweet corn using pre- 
planting treatments indicated possible practical application on this crop 
since good weed control was effected with no reduction in total yield. 
Maturity, however, was delayed by all 2,4-D treatments. Four pounds 
of 2,4-D applied the day of planting and 8 pounds applied 8 days 
before planting had similar effects on weed control and on the stand, 
maturity and yield of corn. 

Several experiments were conducted on onions using 4 and 8 
pounds of 2,4-D per acre applied to the soil as pre-planting, pre- 
emergence and post-emergence treatments. With only three excep- 
tions, the yield was significantly reduced by all treatments in all ex- 
periments. The stand of onions was significantly reduced by all the 
pre-planting treatments and by some of the pre-emergence treatments, 
but when 2,4-D applications were made to the soil after emergence 
there was no reduction in stand. It is possible that extremely dry 
weather in 1946 may have resulted in much more severe injury from 
2,4-D treatments than would have occurred in a more normal season. 
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Excellent control of weeds was obtained when 2,4-1) was worked 
into the soil before planting. There was no advantage in applying 8 
pounds per acre 3 weeks bwore planting compared with 4 pounds the 
day before planting either in weed control or in lessened injury to 
the onions. Weed control was not quite as good when 2,4-D was ap- 
plied as a pre-emergence spray. The post-emergence treatments gave 
good control of late weeds, but resulted in only about SO per cent re- 
duction in the number of weeds at the time of the first weeding. 

In one pre-emergence experiment, a butyl ester preparation of 2,4- 
D was used and resulted in a 100 per cent reduction in the stand of 
onions. This indicates that the formulation may greatly effect the 
results. 

Pre-planting and pre-emergence treatments with 2,4-D on onions 
appear to warrant further study. Post-emergence applications, on the 
other hand, offer little promise due to poor control of early weeds. It 
may be possible by increasing the rate of seeding or by using some- 
what less than 4 pounds of 2,4--D per acre to obtain good control of 
weeds using pre-planting or pre-emergence treatments without reduc- 
ing the yield. Even if this cannot be done, in exceptionally weedy 
fields the reduction in yield caused by 2,4--D soil treatments might be 
more than offset by the saving in labor. 
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Cllieimcal Ckmtrol of Weeds 

By E. M. Hildebrand, Texas A. & M. College, 

College Station, Tex. 

T he broader subject of lierbicides was reviewed by the writer last 
April (27) in the special Herbicide issue of Science. In that report 
herbicides were divided into seven groups : 1, soil sterilants ; 2, non- 
selective contact sprays ; 3, selective sprays ; 4, translocated poisons ; 
5, flame thrower ; 6, growth regulators or hormones ; and 7, miscel- 
laneous mechanical devices and physical barriers. 

The discussion today will be confined largely to recent work with 
chemical herbicides with emphasis on the sensational growth-regulating 
types of chemicals. 

Weed control specialists are much interested in the mechanical de- 
vices that have been invented and used for applying the various herbi- 
cides. The application phase of the work with herbicides, illustrated in 
the report of Harvey (23) of California, must be omitted here for 
want of time. However, its importance should not be underestimated 
The new Daugherty sprayer ( 1 ) mounted on a boat for combating the 
water hyacinth m Florida waters is an illustration of the active interest 
of engineers in work with herbicides. Raynor and Britton (42) studied 
the toxicity of several herbicides to livestock. 

Until about 10 years ago there were only about two types of chemi- 
cals, soil sterilants and nonselective contact sprays, used to any extent 
in this country’s agriculture. Hence in the intervening years a remark- 
able group of chemicals has been found useful for combating the weed 
menace. 

2,4-D 

Since the discovery of the herbicidal action of 2,4-dichlorophenoxy- 
acetic acid or 2,4-D in 1944 (Hamner and Tukey, 19) there has been 
more experimental work on this remarkable substance than on all the 
other herbicides combined. Even the War Department conducted ex- 
tensive researches, of which only three references are cited here (45, 
46, SO). 

Kephart (31) used the term ‘‘Revolutionary Discovery” for the 
2,4-‘D chemical because it opened up a new and remarkable approach 
to weed control by growth regulation with a plant hormone This re- 
markable herbicide was the principal subject of the Second Annual 
North Central States Weed Control Conference (3) held in St Paul, 
Minnesota in late November 1945, Reports of both the Western (4, 5) 
and North Central (3) Conferences and by representatives thereof 
(Harvey, 25 ; Willard, 52) gave the progress of the work done with 
2,4~D in 1945 for the control of numerous weeds in these sections of 
the country. Besides many other research reports, (6, 7, 8, 9, 13, 14, 
18, 20, 21, 22, 24, 28, 30, 31, 33, 34, 35, 36, 37, 38, 39, 40, 41, 43, 
44, 45, 46, 50, 63 — and others of scientific and popular interest, too 
numerous to mention) have been made by different individuals and 
groups. 

us now consider the 2,4-D herbicide in some detail. The reports 
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by Harvey (25) and Willard (52) give many important details on 
what 2,4~D is, some of its distinctive characteristics, its hazards, its 
effect on the soil, methods of application, how strong a solution to use, 
how to make the recommended solutions with commercial materials, 
some general principles in the use of 2,4— D for the control of weeds 
in lawns, pastures, grain and cultivated fields. To guide individual 
users, information is given on the forms of 2,4~D available on the 
market, which forms to try, how to read the label and decide what to 
buy. Therefore, what you do should be governed accordingly. 

Although the earliest work with 2,4-D was carried on in the Eastern 
United States (19) and in England (37), some of the most extensive 
experiments and tests have been conducted in California and the other 
western states. During 1946 much work has been in progress practi- 
cally everywhere in the United States and Canada and elsewhere. 
Letters have been received by the writer from India and Belgium 
requesting information on 2,4— D and its sources. Today in all places 
the results are far from complete, with recommendations being con- 
stantly revised as new information becomes available. 

Numerous investigators (3, 5, etc) have shown that cereal and grass 
crops exhibit considerable tolerance for the plant hormone type of 
chemical weed killer whereas most broad-leaved plants, including many 
weed species, are highly susceptible. Consequently, the growth regu- 
lators have been used selectively to control broad-leaved weeds in 
lawns, pastures, cereal crops and in other places. 

In his summary on weeds studied in California, Harvey (25) lists 
49 weed species susceptible and 23 species resistant to the 2,4-D 
herbicide. Crafts (16) gives a table listing the names of weeds whose 
reaction to growth regulators like 2,4-D has been recorded. The list 
includes 103 susceptible, 18 intermediate and 62 resistant species of 
weeds. Others (3, 5, 52) have prepared lists of this character for other 
sections of the country. 

The writer (28) reported the results of successful tests conducted 
in Florida for the control of water hyacinth. A 0.1 per cent concentra- 
tion gave good control. A considerable amount of promising work 
with 2,4-D has been and is now being done in the southern states 
infested with this and other aquatic weeds. 

Crafts (14) has reported that aquatic weeds are becoming increas- 
ingly important as agricultural pests in irrigation and drainage .sys- 
tems as well as along rivers and in lakes and ponds in California. Both 
chemical and mechanical methods of control are given. He states that 
2,4— D (1-1000) is proving valuable in controlling many types of 
weeds including the water hyacinth, water primrose, Hydrocotyl and 
other surface water weeds. 

Recent unpublished work by Harvey and Crafts indicates the suc- 
cessful use of 2,4-D in eliminating cattails {Typha spp.), tules or bul- 
rushes (Scirpus spp.), bur-reed (Spargantum eurycarpum), willows, 
and other weeds of wet lands and drainage channels. These investiga- 
tors also indicate that growth regulators or hormones are translocated 
in polar fashion from foliage to roots and thereby kill the perennial 
root systems of many weeds. The weeds listed to illustrate the 



HILDEBUAND : WEED CONTROL 


385 


mechanism were wild morning glory, Canada thistle, dandelion and 
plantain. They found the growth regulators valuable also against 
poison ivy, poison oak, poison sumac, Japanese honeysuckle, and simi- 
lar pests in pasture and woodland areas. 

The writer (29) has tested 2,4~*D in experiments for the control of 
nutgrass (Cypcrus rotundus L.) both in Florida and Texas. A 0.1 per 
cent concentration was effective for killing the aboveground parts 
whether in the lawn or garden. Repeating the sprays at specified inter- 
vals, on all new growth initiated at the nuts, seemed to have all but 
eradicated the weed after the third application. However, we must wait 
and see what develops next season. 

Harvey (25) reported that nutgrass was susceptible to a 0.2 per 
cent solution of methyl ester of 2,4~D dissolved in kerosene. 

The work done with 2,4-D in California (13, 14, 16, 26) touches a 
number of points of special interest to us here in the South. Last 
summer 2,4-D was applied to rice fields by means of airplanes. The 
application of IS gallons of spray per acre, containing lj4 pounds of 

2.4- D, was effective in controlling arrowhead lily, water plantain, 
some of the sedges, and other aquatic species in rice fields, with no 
injury to the rice. In these reports some of the other weeds receiving 
special mention were nutgrass (a sedge), wild blackberry, poison oak, 
klamath weed, Russian knapweed, hoary cress, Canada thistle and 
morning glory. 

Van Overbeek (38) found a single application of 2,4-D was highly 
effective for controlling nutgrass (Cypcrus rotundus) and day flower 
(Commelina longicauUs) in the sugar cane fields of Puerto Rico. A 
concentration of 0.075 per cent controlled the day flower and 0.3 per 
cent the nutgrass. 

Brown and Carter (8) tested 2,4-D for the control of the alligator 
weed which has become a pest in the waterways, lakes and even on 
cultivated land in Louisiana and obtained promising results. In their 
tests 2,4-D also killed many other weeds. Brown (6) cautions against 
the careless use of 2,4-D because of fume injury to a number of very 
sensitive ornamental plants grown adjacent to lawns. Young (53) ob- 
tained almost complete kill of the tops of persimmon, sassafras and 
dewberry but over one-third of the stumps resprouted. The work of 
Brown and Ryker (7) in Louisiana indicates that 2,4-D has much 
promise in weed control in both sugar cane and rice fields. 

Shafer et al. (43) have reported the results of preliminary tests on 
corn weeding with 2,4-D. Their results invite further study on this 
and other herbicides for weeding corn. 

In this country the 2,4-dichlorophenoxyacetic acid compound has 
been mOvSt widely used whereas in England, British investigators (37, 
and others) working independently have discovered a weed killer 
which appears more selective and, in some cases, more toxic than 

2.4- D. ‘This material is 4 chloro 2 methyl phenoxyacetic acid. 

Crafts (13) gives illustrations of certain popular articles and ad- 
vertisements that have made exaggerated and unjust claims concern- 
ing the properties of 2,4-D. In line with the work of Hamner, et al, 
flS) he demonstrated that 2,4-D will sterilize the soil temporarily. 
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However, decomposition in the soil is fairly rapid with 75 per cent 
of the toxicity to peas, oats and sunflowers being lost during the first 
month after application. These results agree with the results in Eng- 
land (37) that 2,4~D is effective both as a contact spray on the plant 
and as a soil sterilant. 

In the 8th Annual Report of the Research Committee of the Western 
States Weed Control Conference (5) Freed gives the chemistry of 
the different forms of 2,4~D. Since 2,4-D is essentially insoluble in 
water it must be treated in order to get it into solution. This may be 
accomplished in two ways : (a) dissolving in a water-soluble or emul- 
sifiable solvent, and (b) by converting it into a water-soluble salt. 
Some of the possible salts are sodium, potassium, ammonium, calcium, 
and triethanolamine. In general these salts are sufficiently soluble in 
water for the purposes intended. 

At present there are over 60 commercial products containing 2,4-D 
on the market. A number of the so-called sodium salt preparations of 
2,4-D are a mixture of sodium bicarbonate and 2,4--D acid which form 
the salt when introduced into water Besides the sodium and ammoni- 
um salts of the acetic acid derivatives both the phenoxy and naphthoxy 
compounds have been effective. Organic salts, such as the triethanola- 
mine salt are possible. 

Another class of derivatives of 2,4-D that are of interest in weed 
control are the esters These derivatives are the result of the reaction 
between the acid and an alcohol. Thus there is a possibility here for a 
homologous series of esters including methyl, ethyl, propyl, butyl, 
octyl and cyclohexyl esters. These esters are insoluble in water but are 
soluble in oil and in most organic solvents Concurrently these deriva- 
tives should be more soluble in the cuticle of plants. Thus one might 
reasonably expect better results with the methyl ester of 2,4-D on a 
plant having very waxy leaves, than with the sodium salt. 

There are other derivatives of 2,4-dichlorophenoxyacetic acid pos- 
sible. It is possible to have a homologous series of acids ranging 
through acetic, butyric, and others. Varying substitutions on the ben- 
zene nucleus give rise to an infinite variety of compounds. The British 
discovery of 4 chloro 2 methyl phenoxyacetic acid invites further 
investigation on such phytotoxic derivatives of 2,4-D. A large number 
of growth regulators and other substances have been tried by the War 
Department workers (46) and others will undoubtedly be synthesized. 
Since most of these acids are in their parent form, each oflFers oppor- 
tunity to form metallic salts, esters, amides, etc. Thus almost innum- 
erable compounds can be synthesized for study and testing. 

In bringing this discussion on 2,4-D to a close, attention is called 
to the report by Harvey (24) in California that 2,4-D was non- 
poisoiious to animals, which is in agreement with work done in the 
central and eastern states (3). The remainder of this paper will deal 
with recent work on only a few of the more important herbicides, 
Sinox, Oils, Benoclor and Ammonium Sulfamate, 
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SiNOX 

The story of Sinox and the uses to which it has been put as an 
herbicide were summarized in an earlier report (27). The introduc- 
tion of Sinox (sodium dinitro ortho cresylate) in 1938 started a new 
phase in the use of selective herbicides (16). Westgate and Raynor 
(51) proved this material to be highly selective, noncorrosive, and far 
less toxic to animals than sodium arsenite. Soon after its commercial 
introduction Sinox was used extensively on the Pacific Coast. In 
Oregon, Harris and Ilyslop (22) tried Sinox in combination with 
other chemicals, (ammonium sulfate, calcium cyanamid, sodium bi- 
sulfate, sulfuric acid, sulfamic acid, and ammonium sulfamate) to 
check on the addition of a fertilizer along with the herbicide. All these 
chemicals increased the effectiveness of Sinox, with ammonium sul- 
fate producing the most outstanding results. Since the toxicity of Sinox 
was increased when these acid salts were used, their addition became 
known as ‘'activation.” 

The first step in increasing the toxicity of the dinitro compounds 
was the use of salts as activators. The next step was to test the am- 
monium salt of dinitro ortho cresol It proved as toxic as the activated 
sodium salt. Although the ammonium salt is not as highly inflammable 
as the dry sodium salt, it is a water-soluble dry powder that may read- 
ily be used under field conditions Its use reduces the weight of the 
material required per acre from 10 pounds ( 1 gallon of Sinox) to 3 
pounds. Lengthening the aliphatic chain of dinitro ortho cresol in- 
creases toxicity up three steps to dinitro ortho secondary butyl phenol. 

Activated Sinox according to Crafts (16) controls such weeds as 
mustards (Brassica nigra and B, arvcnsis), wilt turnip (B. campes- 
tris)^ hedge mustard (Sisymbrium sp.), fiddleneck (Amsinckea sp ), 
fan weed (Thlaspi arvense), pennycress (T. perfoliatum), Russian 
thistle (Salsola koli)^ prickly lettuce (Lactuca scariola), corn cockle 
(Agrostemma githago), shepherd’s purse (Capsclla bursa pastoris), 
small nettle (Urfica urens), nightshade (Solanum nigrum.), wild buck- 
wheat (Polygonum convolvulus), lambsquarter (Chenopodium al- 
bum), and hungerweed (Ranunculus an'cmis) in the crops of wheat, 
liarley, oats, rye, flax, peas, corn, onions, garlic, ryegrass, and fescue. 

A special Sinox No. 1 preparation and a Dow Selective Herbicide 
were tested by Harvey and Riddle (26) for controlling alfalfa weeds 
in California. Although limited these tests indicate tliat these chemicals 
kill almost 100 per cent of the weeds except for the older knotweed 
plants Sinox has been tested by Warren (48) and others. In his tests 
(48) Sinox and G-506 worked well only on peas among the vegetable 
crops studied. 

Oils 

Discovery of the selective action of certain petroleum fractions added 
the group of crops, called the Umbelliferae, to the list that may be 
weeded by means of chemicals — carrots, celery, parsnip, parsley, dill, 
and caraway. Also the guayule plant will tolerate stove oil and low 
dosages of diesel oil. Certain oils in undiluted form effect the selective 
killing of certain plant species from mixed plant populations. Its ac- 
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tion seems to depend on the chemical tolerance of certain plants to 
certain toxic substances, which effects depend on factors that can be 
regulated — composition of the herbicidal material and stage of growth 
of plants. 

Warren (47) , working on a number of different herbicides, reported 
recently on his results with oils in 1945 and outlined the scope of the 
weeding of common vegetable crops with chemicals. He states that the 
best selective weed spray for a vegetable crop at present is the use of 
oil for carrots. The oil he found reliable was Stoddard Solvent, a 
product that contains the right percentage of toxic aromatics to kill 
weeds without injury to carrots. Details were given on costs and equip- 
ment for its application. Other chemicals — Sinox, dilute sulfuric acid, 
and 2,4-D — are also discussed. Unfortunately, both Sinox and 2,4~D 
kill most common vegetable crops and therefore cannot be used exten- 
sively as selective sprays on most vegetables. 

Warren and Hanning (49), Lachman (32), Crafts (15), Crafts 
and Reiber (17), and others have done extensive work indicating that 
Stoddard Solvent and a few other oils with the proper aromatic con- 
tent (about 15 per cent) are valuable weed killers especially in carrot 
fields. According to Lachman (32) there are several other resistant 
vegetable plants in seedling stages besides those already mentioned — 
fennel, coriander, parsnip-rooted parsley and celeriac. 

Crafts and Reiber (17) go into considerable detail on the herbicidal 
properties of oils involving their use both as selective and nonselective 
herbicides. Their results with selective oils on vegetables invite study 
by investigators in other sections of the country under different cli- 
matic conditions. 

Crafts (14) employed a number of different chemicals for combating 
aquatic weeds in California. Some of the sprays that gave control of 
the prevailing types of aquatic weeds were diesel oil, dilute solutions 
(2-4 per cent) of sodium chlorate, 5 per cent ammonium siilfamate, 
4 per cent Dow Contact Herbicide (dinitro secondary butyl phenol in 
self -emulsifying oil), and Benoclor (a chlorinated benzene with emul- 
sifiers). 

Benoclor 

Benoclor (14) is considered by some as the greatest single develop- 
ment in control of aquatic plants by chemical means. Benoclor is a 
heavy liquid that readily disperses in water to form a milky suspension. 
When sprayed through nozzles below the water surface into a flowing 
stream it will make the total mass of liquid into a stable milky emul- 
sion. When it comes into contact with aquatic weed growth, it is ab- 
sorbed by the plants and they are injured or killed. By means of a 
simple powered pump and nozzle system, irrigation ditches may be 
treated as the water flows past a station. Static water in a ditch may 
be treated by moving the pump. The pump can be mounted in a boat 
to treat aquatic plants in lakes. Water fauna are killed in treated 
ditches. By carefully treating narrow strips of vegetation in lakes, 
injury to fish can be minimized. This chemical is not considered in- 
jurious to wildlife or stock. Applications are made after the growth 
in spring and early summer begins to cut the flow of water. The action 
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of the chemical is rapid and normal carrying capacity of a ditch can 
be restored within 24 hours. Exposure to a concentration of 500 ppm 
(by weight) for 1 hour kills weeds. Benoclor is being used in eastern 
states for controlling aquatic weeds in ponds and along lake shores. 
No doubt some work has been done with it in the South. 

Before concluding these remarks brief mention should be made of 
the work on herbicides by Young (53) in East Texas. Although the 
work is preliminary in nature some degree of control of persimmon 
and sassafras sprouts and of stinging nettle was obtained. Ammate 
(ammonium sulfamate) killed nearly all stinging nettles in one appli- 
cation at a concentration of 1 pound to 1 gallon. 2,4~D killed tops of 
persimmon, sassafras, and dewberry but prevented resprouting of less 
than two-thirds of the stumps. Dow Contact Herbicide killed the tops 
of persimmon, sassafras, and dewberry. However, these plants pro- 
duced new growth and the grasses and sedges also reappeared within 
a few months. 

Discussion 

Eight years ago the Western Weed Control Conference was or- 
ganized. In doing so the weed control specialists of 11 western states 
discarded the time-worn apathetic attitude toward the problem of weed 
control and started a program of action. Their organized action came 
just after the appearance of new herbicides on the market such as 
Sinox and oils. Most farmers and most specialists probably were justi- 
fied in their attitude that nothing much could be done about the pesky 
weeds until the appearance of the new herbicides, a development that 
has been confined to only the past decade. 

Recently the United States Chamber of Commerce published the 
results of a survey which revealed that weeds cause the farmers and 
gardeners of the United States an annual loss of $3,000,000,000.00. 
Has anyone reminded us that this loss from weeds is probably as great, 
if not greater, than the loss to farmers from all livestock diseases, insect 
pests and plant diseases combined ? 

In November 1944 a North Central States Weed Control Confer- 
ence was organized consisting of 13 slates. This conference came into 
being just after the revolutionary discovery of the new weed killer 
2,4-1) (19). Their second annual conference report at St. Paul, Min- 
nesota, was largely devoted to a discussion of 2,4-D and other new 
herbicides. At their third annual conference held in Des Moines, Iowa, 
in December 1946 the name of the conference was changed to the 
North Central Weed Control Conference so as to include the adjoin- 
ing provinces of Canada. Attending the conference were representa- 
tives from the East who are now planning to meet in February 1947 
with the idea of starting an Eastern States conference. Because weeds 
seem to be even more severe in the South than elsewhere in the coun- 
try it would seem that those of us interested in weed control in the 
southern states should also be stirred to organized action. 
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Propagation of Bamboo by Brandi Cuttings 

By David G. White, Federal Experiment Station, U, S. 
Department of Agriculture, Mayagues, Puerto Rico 

T he bamboos are perennial grasses in which flowering and seeding 
generally occur at intervals ranging to 80 years or more (1). 
Therefore, the most common method of propagating clump bamboos 
is by divisions. This method has the disadvantage of being costly, par* 
ticularly with those species which develop large culms. The removal 
of divisions also disrupts the parent clump which might otherwise pro- 
duce new culms for many years. Divisions of certain species may weigh 
IS to 30 pounds each with the result that transportation problems 
limit distribution. 

The above disadvantages of propagating by divisions can be over- 
come in some instances by using cuttings. Different types of cuttings 
may be obtained from bamboo culms but there is considerable variation 
in rooting among species. For example, green culm sections 2 to 4 feet 
in length of Bambusa vulgaris Schrad. ex Wendl., which is not indus- 
trially important, often root in moist soil. Culm sections of most other 
species, however, show little or no indication of rooting and soon die. 
Cobin (2) at the suggestion of McClure^ had some success in rooting 
cuttings made from the basal parts of lateral branches. 

Each lateral branch has an enlarged region at its point of origin on 
the culm. This enlargement is composed of a series of extremely short 
internodes separated by nodes which sometimes possess the ability to 
produce roots. In fact, small root initials develop naturally from these 
nodes in some species (Fig. 1). In this study each branch was re- 
moved as closely as possible to the culm with a hacksaw. At the oppo- 
site end, the tip of the branch was cut off 12 to 18 inches from the 
enlarged base. An experiment was designed to test each of the follow- 
ing economic species of clump bamboos: 1, Bambusa longispiculata 
Gamble ex Brandis ; 2, B. polymorpha Munro ; 3, B, textilis McClure ; 
4, B. tulda Roxb. ; 5, B. tuldoides Munro ; 6, Cephalostachyum per- 
gracile Munro; 7, Dendrocalanius asper (Schultes) Backer; 8, Gigan- 
tochloa apus (Roem. & Schult.) Kurz ex Munro; and 9, Sinocalamus 
oldhami (Munro) McClure. 

Cuttings were obtained from 2-year culms at 3-month intervals over 
a period of 1 year. Fifty cuttings of each species were taken on each 
date and divided into groups for treatment with root-promoting sub- 
stances. The alcohol-dip method of treatment employed by Cooper 
(3) was used. The basal portions of 10 cuttings of each species were 
dipped for 5 seconds in one of the following solutions: (a) 5 milli- 
grams of indole-3-acetic acid; (b) 2 milligrams of indole-3-butyric 
acid; (c) 2 milligrams of alpha naphthylacetamide ; and (d) 0.1 milli- 
gram of 2,4-dichlorophenoxyacetic acid per milliliter of alcohol. In 


*F. A. McClure, Field Service Consultant on Bamboo, Complementary 
Crops Division, Office of Foreign Agricultural Relations, United States Depart- 
ment of Agriculture, Washington, D. C. 

392 



white: PROPAGATION OF BAMBOO 


393 


addition, 10 cuttings for 
controls were not treat- 
ed. Immediately after 
treatment the cuttings 
were planted in moist 
sand within a green- 
house, except those ob- 
tained in December 
which were planted out- 
side in sand beneath par- 
tial shade Observations 
of rooting were made 2 
months after each plant- 
ing. 

No differences in root- 
ing were found winch 
could be associated with 
the root-promoting treat- 
ments. Therefore, the 
data from SO cuttings of 
each species obtained at 
each date were sum- 
marized as units for 
comparison of differ- 
ences among species and 
the time of year they 
were obtained These 
data are presented in 
Table 1. Considerable 



I 


Fig 1 At the right is a culm section of 
Dendrocalamus asper with a lateral 
branch suitable for use as a cutting 
Note the enlarged region at the base of 
the branch and the small root initials 


variation in rooting oc- arising from the nodes At the left is a 

rnrrPfl simnno- fVi#. cr»#» Tooted branch Cutting of the same species 

currea ^ong me spe- ^ months after planting 

cies. Although no cut- 
tings of Bambusa tul- 

doides and Cephalostachyum pergracile rooted in any trial, about 
half of those of Gigantochloa verticillata rooted except in Septem- 
ber. Sinocalamus oldhami was the only species in which at least 
some cuttings rooted in all the trials. September was a poor month 


TABLE I — The Rooting of Several Species of Bamboo Branch Cut- 
tings IN Relation ro the Month They Were Obtained (50 Cuttings 
of Each Species Used Each Date) 


s 


B hngtsptcuhta 
B pdymorpha 
B textiiis 
B tulda 
B tuUhtdts 
C perj/raale 
V asper 
G vertiCiUata 
S oidhamt 
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for rooting all species. With the exception of B. December 

or March were the best months for rooting in this experiment 
Comparison of rainfall in the month previous to obtaining the cut* 
tings and their rooting is of interest. For example, in the November 
preceding the December cuttings, there was 4.51 inches of rain. In the 
February preceding the March cuttings, there was 3.18 inches of rain. 
In both instances the amount of rainfall was below the annual average 
of 5.97 inches per month and, in general, rooting of these cuttings was 
superior. However, in the May preceding the June cuttings, there was 
6.04 inches of rain and these cuttings did not root so well as those 
taken in December or March. In the August preceding the September 
cuttings, there was 9.48 inches of rain and these cuttings were poorest 
in rooting. Thus, the rooting of bamboo branch cuttings appears to be 
associated with rainfall during the month previous to obtaining the 
cuttings. 

The results of this experiment on the rooting of bamboo branch 
cuttings indicate that: (a) Treatment with root-promoting substances 
at the usual concentrations has no effect; (b) considerable variation 
in rooting exists among species; (c) rooting varies with the month 
cuttings are obtained ; (d) the best month for rooting cuttings varies 
with the species; and (e) rooting may be associated with rainfall dur- 
ing the month previous to obtaining the cuttings. 
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Delayed Action of 2,4-D on Trees, Shrubs^ and Perennials 

By A. M. S. Pridham, Cornell Unk/ersity, Ithaca, N, F. 

D irect injury and often death of above ground portions of woody 
plants has been reported by Hamner and Tukey (5), Marth and 
Kephart (6), Beatty and Jones (2), Brown and Carter (3) and 
Pridham (8). Few deciduous plants appear immune to injury. 
Narrow-leaf evergreens are not affected except for young growth in 
late spring or early summer. Deciduous plants respond less in late 
summer than in spring. 

Continued injury in the season following application was illustrated 
by Brown (3) for Primrose, Jasmine and Tung. Pirone (7) reported 
similar damage to pin oak, Querctis palustris, and to red oak, Quercus 
borealis maxima. Injury was restricted to specific branches and not 
general throughout the tree. The present report concerns plants 
sprayed in the fall of 1945 with the sodium salt of 2,4-D. In the spring 
of 1946 many of these plants failed to come into growth promptly. 
Delayed bud break was followed by production of distorted foliage 
showing in varying degrees, excessive serration especially at the leaf 
apex. Exaggeration of the length/width ratio hence filiform leaves 
were common. A characteristic prominence of the veins and apparent 
thickening of the leaf accompanied by a ‘‘celery-like crispness'*. Dis- 
tortion was found to vary widely in intensity and completeness of 
symptom Such malformation detracts from ornamental value and 
renders nursery stock unsalable. Spring growth was often so reduced 
in length that the foliage formed a rosette and dwarfed shoot growth 
This occurred in varying degrees on any one plant. 

The abnormalities associated with delayed 2,4-D action differ from 
the usual pattern of epinasty, discoloration and death occurring as a 
result of direct spray injury to growing foliage in spring or summer. 

Delayed action is more nearly analogous to that induced by soil 
treatment or seed treatment. Allard (1) illustrates these effects in 
red kidney bean through germination and early growth, indicating a 
correlation between amount of 2,4-D and the response. Hamner and 
Tukey (5) state that while germination was almost completely in- 
hibited when beans were soaked in solutions of 100 ppm concentra- 
tion, bean plants which grew showed virus-like symptoms. Prelimi- 
nary tests with red kidney bean seed soaked for 3 hours over a range 
of concentrations from less than Viooo ppm to 1000 ppm gave similar 
virus-like symptoms. The intensity of the virus-like symptoms roughly 
parallels the concentration of the bathing solution It is severe when 
that solution exceeds 10 ppm. Mature foliage exhibits the crisp tex- 
ture of the juvenile foliage and also changes in shape to filiform. 

In woody plants symptoms of delayed action of 2,4-D parallel those 
of red kidney beans both in range between plants and on any one 
branch the effect being most intense near the growing point. 

When a second period of growth occurs in late summer the new 
foliage is often free of the earlier deformaties. Herbaceous plants may 
display similar response both slight initial symptoms as well as marked 
virus-like symptoms the following season. 

395 






PRIDHAM : ACTION OF 2,4-0 397 

found to respond to methyl ester of 2,4-D; also to amine salt. Re* 
sponse is general throughout the plant. 

The remarkably localized effect of delayed 2,4-D action suggests 
that it is probably associated with direct contact with 2,4-D spray 
rather than vapor. Failure to obtain symptoms of 2,4-D injury from 
spraying dormant twigs in winter suggests that absorption through 
the leaf or other succulent tissue of the stem is necessary. 
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Effect of Season on Responses of Snapdragons to Topping 

By J. R. Kamp and S. W. Hall, University of Illinois, 
Urbana, IlL 

A n earlier experiment in height of topping of snapdragons ( 1 ) indi- 
, cated that plants topped just above the fifth node produced more 
flower stems than those topped just above the third node. The higher 
topped plants had slightly shorter stems but not importantly so, and 
the inflorescence lengths were not unlike those from plants topped at 
tlie third node. The most remarkable difference, however, was in the 
time of flower production. Those plants topped high produced the 
bulk of their flowers in a heavy early crop, whereas those plants 
topped lower produced a later crop over a longer period of time. This 
indicated that high topping might be advisable for the market grower 
who was interested in cutting a crop quickly and clearing his benches 
for another planting. Lower topping might be best for the retail- 
grower who would prefer flowers to be produced at a moderate rate 
over a longer period of time. 

The planting upon which these conclusions were based was made 
for a fall and early winter crop of blooms. A later planting, coming 
into crop after the article (1) had been published, failed to respond 
in a similar way. 

In order to see whether the time of planting was responsible for 
the late crop’s failure to revSpond to topping, the experiment was re- 
peated in the 1946-47 season at three planting dates, giving an early, 
an intermediate, and a late crop of blooms. Several varieties were 
used in each planting but only two of them, Ethel and Junglewood 
White, were represented in all three plantings. In all cases, the other 
varieties followed the trend of the two varieties reported on but, for 
simplicity of presentation, only the results on Ethel and Junglewood 
White will be given. 

At each planting, three plots of each variety were topped just above 
the third node, and three plots just above the fifth node. The plots 
were planted in triplicate to avoid any error due to position on the 
bench. Dates of planting seed, benching plants and topping, as well 
as first and last dates of cutting bloom spikes are given in Table I. 


TABLE I — Dates of Handling Snapdragons in Topping Experiment 
1946-47 Season 



Seed 

Sown 

Plants 

Benched 

Plants 

Topped 

First 

Cut 

Last 

Cut 

First planting 
Seconn planting 
Third planting 

Jun 29. 1946 
Aug 21, 1946 
Oct 30, 1946 

Aug 19 1946 
Oct 21, 1946 
Feb i; 1947 

Aug 23, 1946 
Oct 23, 1946 
Feb 3, 1947 

Oct 15, 1946 
Feb 8, 1947 
Apr 19. 1947 

Feb. 1, 1947 
May 9, 1947 
Jun 13, 1947 


The final cutting dates were determined when plants were in such 
condition that a commercial man would no longer give them space on 
the bench. It is true that some few flowers would still have been pro- 
duced, but the bench space occupied was more valuable for other 
purposes. 
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Fig. 1 presents the number of flower stems cut per 100 plants of the 
variety Ethel on a weekly cumulative basis. Fig. 2 presents similar 
data for the variety Jungle wood White. 

Figs. 1 and 2 plainly show the early cropping effect reported -pre- 
viously was again encountered in the early planting. That such an 
effect can be counted upon only from an early planting is also clearly 



WEEKS or cutting 

Fig. 1. Cumulative weekly total of number of flower stems cut from lOQ 
plants of snapdragons Ethel for three successive plantings. 



Fig. 2. Cumulative weekly total of number of flower stems cut from 100 
plants of snapdragon Ethel for three successive plantings. 







Flower Bud Initiatioii and Flower Opening 
in the Camellia 

’ By James Bonner, California Institute of Technology, 
Pasadena, Calif, 

I N the course of the past three years a comprehensive series of ex- 
periments have been carried out results of which have given a 
clear definition of certain of the factors which regulate the flowering 
of the Camellia (Camellia japonica). The application of this knowl- 
edge has made it possible to produce Camellia blooms, which normally 
appear only in fall and winter, at all seasons of the year. A summary 
of the information obtained is presented below not only because of its 
intrinsic scientific interest but also because of its possible application 
in the forcing of Camellia blooms or in plant breeding programs in- 
volving the Camellia. 

The flowering of the Camellia may be divided into two phases, (a) 
the initiation and growth of the flower bud, which normally occurs 
during the summer months, and (b) the opening of the bud with the 
production of the flower, a process which takes place earlier or later 
in the fall and winter, the exact time depending on the variety. In the 
discussion below, these two phases of flowering will be taken up 
separately. 

Influence of Temperature on Bud Initiation 

The initiation of flower buds takes place, under otherwise favor- 
able circumstances, only under relatively high temperatures. This is 
shown by the following experiment, the results of which are sum- 
marized in Table I. Twenty-five 3-year-old Camellia plants, variety 


TABLE I — Effect of Temperature on Flower Bud Initiation in Ca- 
mellia Japonica, — Variety, Pink Perfection (Plants Moved to 
Temperatures Noted on May 25 , 1946 , Harvested September 15 , 1946 ) 


Day 

Tempeiature 
(Degrees F) 

Night 

Temperature 
(Degrees F) 

No. Buds 

Per Plant 

Fresh Wt. of Buds 
Per Plant 
(Grams) 

Fresh Wt. 
Per Bud 
(Grams) 

80 

80®P 

16.0 

2.7 

0.17 

80-100* 

66* 

13.0 

2.6 

0 20 

80 

60 

7.2 

1.6 

0.22 

80 

50 

0.0 

00 

0.00 

65 

50 

0.0 

0.0 

000 


*Appro3uniate temperatures in ordinary greenhouse. 


Pink Perfection (growing in soil in gallon cans), were removed from 
the outdoors and distributed in lots of five among five different tem- 
perature conditions. Four of the conditions were maintained in the 
air-conditioned greenhouse and included an 8-hour day at 80 degrees 
F combined with a 16-hour period at 80, 60, or 50 degrees F. In addi- 
tion a 65 degree F day combined with a 50 degree F night period was 
included. The fifth set was placed in an ordinary greenhouse where 
day temperatures of 80 to lOO degrees F were combined with a night- 
ly minimum of 65 degrees F. The plants were maintained under the 
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conditions noted and counts of the visible flower buds made at periodic 
intervals. After 3 months and 20 days all flower buds were removed 
and weighed. Table I gives the final count on number of buds and on 
their weights. It is evident that plants kept at a day temperature of 
80 degrees or higher, and at a night temperature of 60 degrees or 
higher, produced flower buds while those at lower teniperatures did 
not. From a quantitative standpoint also, the plants maintained at an 
80 degree day temperature and a 60 degree night temperature pro- 
duced less than half as many buds as those kept at 80 degrees day 
and night. Night temperatures below 60 degrees are therefore very 
unfavorable to flower bud formation in this variety of Camellia, and 
for best flower bud initiation, night temperatures at least as high as 80 
degrees are required. From the standpoint of bud size, as determined 
by fresh weight, the individual buds did not vary greatly from treat- 
ment to treatment. 

That night temperatures of 60 degrees or higher are required for 
flower bud formation has been found to hold true also for further 
Camellia varieties including Eureka, Daikagura, Covina, and Purity 
in experiments involving a total of approximately 175 plants. Failure 
of flower buds to set under conditions of low night temperature would 
appear therefore to be a general response of the Camellia. 

Influence of Temperature on Flower Opening 

When Camellia plants are maintained under conditions of high tem- 
])erature, as 80 degrees day and night, flower buds may be formed in 
abundance. These buds do not however open and result in normal 
flowers. On the contrary, the buds ultimately absciss, in general long 
before ()j)ening. When plants bearing flower buds are moved to lower 
temperature conditions the buds open and produce flowers, the length 
of time reejuired for flower production dej)ending on the temperature. 
The results of one experiment showing these relations are given in 
liable II. For this experiment 30 Camellia plants, variety Pink Per- 
fection, 3-years old and in gallon cans, were taken from a commercial 
nursery on September 25, 1945. The plants had spent the summer out- 
of-doors (although in dense shade) and had formed an average of 
five to six flower buds per plant. The plants were divided into six lots 
of five plants each and placed in the greenhouse under the conditions 
noted in Table II. The time of appearance of each flower was recorded 
as well as the general character of the flowers produced in each treat- 
ment. The plants maintained at a temperature of 80 degrees day and 
night showed much bud drop and the few flowers which did open were 
greatly delayed and were in addition small, with white rather than the 
normal pink petals and possessed greenish centers. The most rapid 
flovrer opening resulted under conditions of an 80 degree day com- 
bined with a 60 degree night, the first flower opening 50 days after 
initiation of the treatment. These flowers also were somewhat smaller 
than those produced outdoors and were likewise paler in color. Plants 
in an 80 degree day temperature combined with a 50 degree night 
temperature produced their first flower after 95 days and these flow- 
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TABLE II— Effect of Temperature on the Opening of Flower Buds 
IN Camellia Variety Pink Perfection (Plants Placed Under Con- 
trolled TemperatiJres September 25 , 1945 ) 


Day 

Temperature 
(Degrees P) 

Night 

Days Prom Sep 25, to 

1 

Total Normal 
Flowers Per 
Plant 


Tempera- 

ture 

(Degrees F> 

Ut 

Flower 

One Half of 
Total Flow- 
ers 

Character 
of Flowers 

80 

80 

80 

155 

00 

Very small, green, 1 6 
flowers per plant 

75* 

65* 

65 

90 

48 

Normal size, light 
color 

80 

60 

.50 

90 

58 

Small, light color 

80 

50 

95 

155 

5 8 

Normal size 

65 

60 

100 

145 

2 4t 

Average larger than 
normal, dark pink 

65 

50 

95 

170 

2 8t 

Average larger than 
normal, dark pink 


♦Approximate temperatures in ordinary greenhouse. 

fSome buds not open after 190 days when expenment was dibcontmucd 


ers were normal in size and coloi*. Day temperatures of 65 degrees 
combined with night temperatures of 60 degrees or 50 degrees re- 
sulted in flowers after 95 to 100 days but the flowers were of large 
size and well pigmented. 

The effects of temperature on flower opening in the Camellia can 
be summarized as follows. At high temperatures flower opening is 
hastened and at low temperature delayed. At the higher temperatures 
this effect is masked by a greatly increased bud drop. At higher tem- 
peratures the flowers produced are small and little pigmented, at 
lower temperatures the flowers are larger and of deeper pigmentation. 
In general a temperature of 65 degrees during the day combined with 
a night temperature of 60 degrees would appear to provide a satis- 
factory compromise temperature for Camellia flowering, yielding 
flowers of good quality without undue delay in flower opening. Some- 
what higher temperatures could be used to accelerate flower opening 
without great sacrifice in flower quality. 

The results presented above obtain not only with the variety Pink 
Perfection but also with the varieties Covina and Donkleri, both of 
which are medium to late bloomers under nursery conditions. With 
the varieties Daikagura and Albatross, normally early bloomers, the 
optimum temperature for flowering may be somewhat higher than 
with the later varieties. Thus, flowers produced under conditions of 
an 80 degree day combined with a 60 degree night appear normal in 
size and pigmentation while flowers produced at higher temperatures 
tend to be small as with the later varieties. With Purity, a medium 
late flower, only occasional aberrant flowers are produced with night 
temperatures of 70 degrees or above, while normal flowers are pro- 
duced under the 65 degree day, 60 degree night regime. Although 
further work is needed to critically establish the optimum tempera- 
tures for each variety, still in summary, no variety thus far investi- 
gated has produced normal flowers under a continuous temperature 
of 80 degrees, while every variety has flowered satisfactorily in a 65 
degree day, 60 degree night condition. 


m AHmiCAV eoaxn 

Effect of Pretkeatment with G>ju> on Fiower Ofenjno 
IN Warm Temperatures 

It would be of interest to know whetiier pretreatoent with low 
temperalure might make it possible for normal Camellia flowers to be 
subsequently produced in conditions of high temperature, and two 
experiments to this end have been carried out. The data from one 
experiment summarized in Table III, shows however that the flowers 


TABLE III— Effect of Treatment with Low Temperature ok Open- 
ing OF Flowers During Subsequent High Temperatotie Treatment 
(Variety Covina) 


Length of 

Pretreatraent at 66 Degrees 
Day, and 66 Degrees 
Night 

Total Days 
to First 
Flowers 

No Flowers 
P« Plant 

Character of Flowers 

None 

! 

00 


One month 


00 



Two months 

71 

20 

Flowers dropped when half open 

Continuous 

01 

26 

Flowers normal 


must actually open under conditions of low temperature in order to 
develop fully. For this experiment a group of Camellia plants, variety 
Covina and bearing well developed flower buds were divided between 
a greenhouse maintained at a continuous temperature of 80 degrees 
and one maintained at 65 degrees during the day and 55 degrees 
during the night. Plants maintained at the high temperature dropped 
their buds and did not flower while plants maintained continuously 
in the cold started flowering after 91 days and produced normal flow- 
ers. Plants which were maintained at the lower temperature for 1 
month and then returned to the warm condition dropped their buds 
without flower production. Plants maintained for 2 months at the low 
temperature, and then returned to the 80 degree condition exhibited a 
rapid development of the flower bud and opening commenced within 
10 days of the return to high temperature. All of the blooms were 
dropped however before full expansion of the flower and no normal 
flowers were produced. Tliis experiment stresses, as do observations 
made in connection with the experiment of Table II that flowers 
opening at high temperature are of poor quality and in addition de- 
teriorate rapidly. The forcing of Camellia flower opening by cold 
treatment followed by a return to high temperature would seem to 
hold little if any promise. 

Inversion of the Yearly Cycle of Flower Production 

The experiments reported in the foregoing sections form the basis 
on which it is possible to bring about the flowering of Ouripllia at other 
than the normal times of year. In the experiments of Table IV, vege- * 
tative plants were in each case placed under conditions of high tem- 
perature (80 degrees day and night) for a period of 8 to 10 wedks 
for the initiation of flower buds. At the end of this time, when visible 
flower buds were present, the plants were moved to a cool greenhouse 
(65 d^ree day, 55 degree night) and allowed to remain until flow- 






TABLE Immmt ot ttjit VEAttir OtOis 

or CAmJEM Ewwran Itoiucytoy 


V^ttiety 


Treatment for 

Fiom Beds 
^ Degrees 
bay a^ 65 

Degrees Night) 

Date of Im- 
item 

Date of 

Flint Flower 



Dat6 of 
Initiatioii 

Length of 
Treatment 
(Weeks) 

lljl 

Oct 18. 1946 

Dec 1. 1946 

Dec 15. 1946 

Mar 11. 1947 

8 

8 

10 

8 


pHI 


ering occurred. It was possible in this way to bring plants of Purity 
into bloom in April and plants of Covina into bloom in May. In no 
case however has it been possible to shorten the total cycle from 
vegetative plant to mature flower, to less than the 5 to 6 months 
indicated in Table IV. That shortening of this cycle may be possible 
by the consideration of factors other than temperature alone is indi- 
cated in the following section. 

Effect of Length of Day on Flower Bud Production 
AND Flower Opening 

Unlike many species, the Camellia appears to be able to produce 
flower buds and mature flowers under all photoperiods of from 8 to 20 
hours of light per day. From a quantitative standpoint however, the 
flowering responses of the Camellia are influenced to some extent by 
photoperiod in that at high temperature more flower buds are pro- 
duced under long photoperiods than under short photoperiods. Simi- 
larly flower opening at low temperature is hastened hy short photo- 
periods and delayed by long photoperiods. Table V gives the results 


TABLE V— Effect of Photoperiod on Flower Bud Formation in Ca- 
mellia (Plants Maintained at 80 to 100 Degrees Maximum Day 
Temperature and 70 Degrees Minimum Night Temperature) 


Variety 

Day 

Length 

(Hours) 

No 

Plants 

Length of 
Experiment 
(Weeks) 

No Buds 
Per Plant 

Weight 

Buds 

(Gms/Bud) 

Pmk Perfection 

20 

6 

15 

13 0 

020 

Pink Perfection 

8 

6 


58 

0 19 


of one experiment on flower bud formation, an experiment run simul- 
taneously with that of Table I and with plants of the same lot. For 
this as with the other day length experiments, one group of plants 
was maintained on an 8-hour day obtained by placing the plants in a 
dark chamber from 4:(X) p. m. to 8:00 a. m. A 20-hour daily photo- 
period was obtained by supplementing the normal day with Mazda 
lamps which gave an intensity of approximately 2(X) foot candles at 
the leaf surface. The experiment of Table V shows that plants main- 
tained on an 8-hour day formed fewer than one-half as many buds in 
IS weeks as plants maintained on a 20-hour day. Although this effect 
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has not been investigated with other varieties still it would seem 
necessary to consider the photoperiod factor in relation to attempts 
to induce flower bud formation on Camellia during the winter months. 

The results of Table VI indicate qualitatively that bud drop is in- 
creased under long day conditions both in Pink Perfection and in 
Donkleri. Flower opening was also appreciably delayed with Pink 
Perfection under the 20-hour photoperiods as compared to 8-hour 


TABLE VI — Effect of Photoperiod on Opening of Camellia Flowers 
(All Plants Maintained at a Day Temperature of 70 to 80 De- 
grees AND A Minimum Night Temperature or 65 Degrees F) 


Variety 

Day 

Length 

(Hours) 

No. 

Plants 

Date Start 
of Treatment 

No, Days 
to First 
Flower 

No. Days 
to 50 Per 
Cent of 
Flowers 

Total 

Flowers 

Per Plant 

Pink Perfection 

20 

5 

Sep 25. 1945 

90 

110 

2.2 


8 

5 

Sep 25, 1945 

65 

90 

4.8 

Donkleri 

20 

2 

Nov 5. 1940 

— 

— 

Buds dropped 


8 

2 

Nov 5. 1946 

95 

115 1 

3.0 


photoperiods. Here again it would appear to be of importance to 
consider the quantitative influence which photoperiod may exert in 
determining the rate of flower production as well as total number of 
flowers produced per plant. 

Interaction of Light Intensity, Fertility Level and Water 
Stress as Factors in Floral Initiation 

It has long been known to Camellia growers that bud formation on 
plants under nursery conditions is decreased under conditions of low 
light intensity. Less complete agreement has been reached on the 
importance of soil fertility and irrigation practice as factors influenc- 
ing flower bud set. To investigate these factors as well as their inter- 
action a factorial experiment was carried out in which three levels 
each of light intensity, fertility, and water stress were combined in 
all possible ways. To this end 216 3-year-old Camellia plants variety 
Pink Perfection and growing in a peat leaf mold soil mixture con- 
tained in gallon cans were distributed between the 27 treatments. Each 
treatment was carried out on eight plants which were divided into two 
plots of four plants each, the entire experiment being set up in ran- 
domized block design in a greenhouse maintained at a minimum night 
temperature of 70 degrees with day temperatures of 80 to 100 degrees. 
Three light intensities were used, the highest consisting, of full 
greenhouse light, or approximately two thirds of full sunlight. For 
the other two treatments, the light intensity was decreased to one-half 
or one-fourth of full greenhouse light by shading the plants with 
cheesecloth or muslin. The three fertility levels were attained by sup- 
plying a complete 5-10~S fertilizer at the rate of 0, 30, or 90 grams 
per plant. The marked growth responses to the fertilizer treatments 
which were evident indicated that the plants as obtained from the nur- 
sery had appreciably depleted the soil in which they were growing. 
The three levels of water stress were obtained as follows. In one treat- 
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ment the plants were watered each day or on alternate days to keep 
the soil at or near field capacity. In a second treatment, the plants 
were watered only when incipient wilting was evident, in general each 
4 to 8 days depending on the light intensity. The soil was then brought 
back to field capacity. In the third treatment the plants were watered 
twice as often as in the second treatment or every 2 to 4 days. The 
results of this experiment are given in Table VII. They show that 

TABLE VII — Interaction of Light Intensity, Fertility Level and 
Water Stress as Factors Influencing Flower Bud Set in Camellia, 
Variety Pink Perfection (Experiment of May 25 to September 15 , 
1946 ) 


Number of Flower Buds Set Per Plant 


Light Intensity 

High Fertility Level 
Water Level 

Moderate Fertility Level 
Water Level 

Low Fertility Level 
Water Level 

High 

Moder- 

ate 

I^w 

High 

Moder- 

ate 

Low 

High 

Moder- 

ate 

Low 

High . . 

15.7 

13.0 

13.7 

12.1 

13 6 

14.7 

9.3 

9.9 

9.6 

Moderate . ... 

11.1 

10 4 

11.0 

8.7 

6.1 

7.5 

7.7 

7.4 

6.0 

Low 

7.4 

8.7 

6.9 

6.7 

6.2 

1 6.9 

6.1 

6.1 

3 9 


under all conditions of fertility and water stress, light intensity is a 
major factor influencing the number of buds set, decrease of light 
intensity to one fourth of full greenhouse light being attended in every 
case by decrease in number of buds set to one-half or less of the 
number set in full greenhouse light. Increasing soil fertility, as brought 
about by the addition of fertilizer, brought about an increase of from 
9.3 to 15.7 buds per plant at the highest light level but resulted only 
in an increase of from 6.1 to 7.4 buds per plant at the lowest level of 
light intensity where this factor was apparently the limiting one. In 
any case, the higher fertility levels did not result in any decrease of 
bud set under any condition. The influence of water stress was less 
clearly marked, only relatively small decreases in bud set being oc- 
casioned even by the most severe degree of water stress used. The 
data of Table VII indicate then that light intensity is an important 
factor regulating number of flower buds set per plant under tempera- 
ture conditions favorable to this process. Flower bud set is also favor- 
ably influenced by high soil fertility, but is relatively insensitive to the 
water status of the plant. Flower bud size, as determined by fresh 
weight of the excised buds, appeared to be relatively independent of 
all of the factors tried. 


Discussion 

The environmental factor primarily effective in bringing about 
the normal cycle of flower bud formation and flower opening would 
appear to be temperature. High temperatures as obtain in summer 
are essential to flower bud formation; lower temperatures as obtain 
in fall and winter are essential to normal flower opening. This tem- 
perature controlled cycle would appear to be possibly reinforced also 
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by the influence of photoperiod, long photoperiods such as obtain in 
summer promoting bud set, short photoperiods such as obtain in win- 
ter promoting flower opening. The effects of photoperiod are how- 
ever less striking than mose of temperature and in general were of a 
quantitative rather than a qualitative nature. 

It should be stressed that the investigations reported above do not 
bear on the conditions favoring vegetative growth of the plant. High 
light intensity in particular, which favors high flower bud set is gen- 
erally known to be unfavorable to rapid vegetative growth of the 
Camellia, while the low temperatures favorable to flower opening are 
also markedly unfavorable to vegetative growth. A consideration of 
the interaction of factors as they relate to vegetative growth will be 
reported in a subsequent paper. 

Summary 

1. Flower bud formation in the Camellia takes place abundantly 
where plants are maintained at temperatures of 80 degrees or above 
during the day and 65 degrees or above during the night, but is sup- 
pressed at lower temperatures. 

2. Normal flower opening does not take place in Camellia plants 
maintained at high temperatures as 80 degrees day and night, in part 
owing to abscission of the flower buds and in part owing to the de- 
layed production of small and abnormal flowers. Favorable tempera- 
tures for flower opening lie in the region of 65 degrees day and 60 
degrees night, although other combinations of day and night tem- 
perature may prove as suitable. 

3. It has been possible to produce normal Camellia flowers during 
the period March to September by subjecting vegetative plants to an 
8- week period at 80 degrees (for bud initiation) followed by transfer 
to the 65 degree day, 60 degree or 55 degree night condition for flower 
opening. 

4. The response of Camellia to temperature is modified by photo- 
period, long photoperiods favoring flower bud initiation and slowing 
flower opening. 

5. The number of flower buds produced by Camellia under favor- 
able conditions of temperature and photoperiod is markedly influ- 
enced by light intensity, high light intensities increasing the number 
of flower buds set. 



Further Experiments in Pruning Old Rose Plants 

By J. R, Kamp and F. F* Weinard, University of Illinois, 
Urbana, IlL 

A ciTTTiNa back experiment on three varieties of roses in the 1944- 
45 season (1) disclosed that the yield of flowers per plant in- 
creased with the mildness of pruning. Four-year-old plants cut back 
to 6, 12, 18 and 24 inches early in the summer averaged 9, 12, 13 and 
IS roses per plant respectively without loss of stem length. Since the 
highest topping level tried gave the greatest yield of flowers, 1,338 
plants in four varieties were cut back to 24, 30 and 36 inches in the 
1945-46 season. Four-year-old plants of Better Times, Mrs. F. D. 
Roosevelt, Peters Briarcliff and Talisman were used. Each variety 
was planted on two of the four benches used in the experiment. Each 
treatment was replicated four times in each variety, 28 plants per 
replication, or a total of 112 plants of each variety per treatment. 

Table I shows production records from October 1, 1945 to June 1, 
1946. It will be noted that the results with the different varieties were 


TABLE I— Production Record from Rose Pruning Experiment 


Plants Cut Back To 

24 Inches 

30 Inches 

86 Inches 

'• Better Times 

Number of plants 

no 

112 

112 

Average number of flowers per plant 

18.71 

20.28 

21.91 

Average stem length .... 

Total flowenng wood cut per plant 

15.06 in. 

14.74 in. 

14.68 in. 

281.58 in. 

298.92 in. 

319.43 in. 

Mrs. F. D. Roosi 

Number of plants 

evelt 

112 

1 112 

112 

Average number of flowers per plant 

33.26 

1 30.66 

29.79 

Average stem length 

Total flowering wood cut per plant 

13.38 in. 

14.00 in. 

13.35 in. 

446.09 in. 

1 429.03 in. 

397.69 in. 

Peters Briarch 

Number of plants 

'ff 

112 1 

112 1 

112 

Average number of flowers per plant 

20.31 

22.68 

22.00 

Average stem length 

Total flowering wood cut per plant 

14.38 in. I 

14.19 in. 

13,78 m. 

292.06 in. j 

321.78 in. 

303.13 in. 

Talisman 

Number of plants ! 

108 

112 

112 

Average number of flowers per plant i 

28.22 

29.97 

27.43 

Average stem length i 

Total flowering wood cut per plant 

13.70 in. 1 

14.46 in. 

14.02 in. 

386.69 in. ! 

404.38 in. 

384.53 in. 


not uniform. The differences observed with Talisman were slight. 
Better Times, however, gave much better results at 36 inches than at 
24 inches. The reverse was true with Mrs. F. D. Roosevelt. Peters 
Briarcliff was best when cut to 30 inches, and poorest at the 24-inch 
level. These differences are considered important not only because of 
their magnitude, but also because yields on both benches followed the 
same trends. 

The difficulty in handling the higher topped plants should be con- 
sidered. These plants required more tying, cutting of blooms was less 
convenient, and controlling red spider and mildew was more difficult. 
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The tallest plants were so near the roof glass that repeated sulfur 
treatments were sometimes necessary to combat mildew. 

In spite of increased difficulty of handling, however, an increase of 
three flowers per plant as shown in the Table I seems to justify top- 
ping Peters Briarcliff as high as 30 inches and Better Times as high 
as 36 inches. This should be particularly true with plants grown in 
ground beds where difficulties in handling the taller plants would be 
minimized. 
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The Effects of Ceresan Dips and Fertilizer Applications 
on Growth, Flower Production, and Basal Rot 
Development in Narcissus 

By Neil W. Stuart, U, S, Department of Agriculture, 
Beltsville, Md. • 

L ittle information is available concerning the optimum nutrient re- 
i quirements for growing narcissus. This may be due to the fact 
that in the bulb growing areas of the eastern United States, Fusarium 
basal rot (Fusarium oxysporum f. narcissi (Cke. et Mass.) Snyder 
and Hansen) is probably the most important factor in bulb produc- 
tion. While the severity of the disease varies from year to year, some 
fungicidal treatment is practiced annually by most commercial grow- 
ers. This treatment, in order to effect some control of the disease, has 
tended to overshadow the importance of cultural practices including 
the use of fertilizers. It has been difficult to separate the effect of the 
various fertilizer elements on bulb growth from their effect on the 
disease. The purpose of the present study was to test the effect of 
certain fertilizer combinations on the growth and flowering of nar- 
cissus bulbs, some of which had been treated with a fungicide for 
basal rot control. 

Fertilizer tests with narcissus have produced conflicting results. At 
Norfolk, Virginia, Parker concluded (4) that the value of fertilizer 
use depended upon whether flowers or bulbs were to be produced. 
Application of 1,000 pounds per acre of a 2-10-5 fertilizer resulted 
in fewer blooms but heavier bulbs. At Ithaca, New York, Allen re- 
ported (1) that narcissus fertilized at planting time responded with 
increased weight of bulbs produced, in the following order : 5-10-5 > 
rotted manure > ammonium sulfate > muriate of potash > superphos- 
phate>control. No mention was made of the occurrence of basal rot 
which, if present, might have altered these results. Emsweller, Ran- 
dall, and Weaver (2) used 20 fertilizer treatments at Castle Hayne, 
North Carolina, but observed no significant differences in yield of 
bulbs between any of the fertilizers used. The results on flower yields 
indicated a stimulation of new growth centers in the bulbs and higher 
flower yields following the application of 3 pounds of borax per acre. 
Smith noted (5) in Virginia that a fertilizer containing superphos- 
phate, potash, and lime but no nitrogen produced the earliest flowers 
of good quality and bulbs of poor quality. At Beltsville, Maryland, 
tests have shown that the root-inducing growth substances and certain 
organic nitrogen compounds, particularly the nitrogen bases, stimu- 
late the growth of Fusarium basal rot in culture and result in greater 
losses of bulbs in the field (6, 3). 

The experiments described in the present paper have been made at 
the Plant Industry Station, Beltsville, Maryland, beginning in 1941. 
At the time they were started the fungicidal treatment in general use 
on Long Island and in North Carolina was one that had been devel- 
oped by Frank Haasis at the Babylon Bulb Laboratory in New York. 
This treatment consisted in dipping the bulbs for 2 minutes in -a 
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suspension of New Improved Ceresan (containing S per cent ethyl 
mercury phosphate) used at the rate of 1 pound per 40 gallons of 
water, after which the bulbs were dried rapidly in the sun and stored 
in a well-ventilated building. It was recommended that the treatment 
be applied within 3 days after the bulbs were harvested and again just 
prior to planting. 

Narcissus bulbs of the King Alfred variety, grown at Beltsville, were 
harvested in July 1941, and half of them were dipped in Ceresan in 
July and again in September while the remainder were untreated. 
Both groups of bulbs were graded and from each were selected 24 lots 
of 100 bulbs, SO bulbs being of the 12-14 cm size and 50 of the 14-16 
cm size. The average weight of the lots was 147 ± 0.7 ounces. The 
bulbs were planted in Dutch beds 3 feet wide and 7j4 feet long con- 
taining 10 rows of 10 bulbs each. The fertilizers used comprised two 
levels each of nitrogen, phosphorus, and potassium in a 2x2x2 fac- 
torial arrangement replicated three times. The complete fertilizer for- 
mula was 4^^8. The low level was none and the high level the full 
amount of each of the three elements derived respectively from sodium 
nitrate, superphosphate, and potassium chloride. The fertilizers were 
applied at the rate of 1 pound per bed and worked into the soil at the 
bottom of the bed before the bulbs were planted on September 26, 
1941. 

Flowers were counted on April 15, 1942, and the bulbs were har- 
vested July 15 and 16. On July 20 bulbs wshowing basal rot were re- 
moved and half of the sound bulbs from each plot were dipped in New 
Improved Ceresan. The bulbs were dried in the sun and stored in a 
well- ventilated bulbhouse until September 16. At that time all lots 
were sorted for basal rot. Bulbs that had been double-dipped in Cere- 
san in 1941 were given a planting dip in 1942 while those undipped in 
1941 were not given the planting dip. Accordingly, each of the follow- 
ing treatments was applied to 24 lots of bulbs from the fertilizer 
replications : 

1. Undipped in Ceresan in 1941 and 1942. 

2. Undipped in Ceresan in 1941, harvest dip in 1942. 

3. Double-dipped in Ceresan in 1941 and 1942. 

4. Double-dipped in Ceresan in 1941, planting dip in 1942. 

Due to labor shortage the bulbs were planted in 1942 in single rows 
3 feet apart instead of in Dutch beds. All of the apparently sound bulbs 
in a lot were planted 4 inches apart in a 25-foot row. The fertilizer 
was applied at the bottom of the plow furrow at the rate of 1 pound 
per 25 feet. Each of the fertilizer treatments was replicated three times 
with bulbs that had been grown with the same fertilizer in 1941. Since 
each lot of bulbs had been divided for Ceresan treatment there were 
four plots receiving the same fertilizer in each of the three randomized 
blocks. 

Flowers were counted April 20, 1943, the bulbs harvested July 13 
and 14 and 48 lots dipped in Ceresan on July 17. All were stored in 
the bulbhouse until September 10 when they were weighed and 
counted. Forty-eight lots were dipped in Ceresan and planted as in 
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1942. The same fertilizer treatments were continued. Flowers were 
counted April 22, 1944, the bulbs were harvested July 4 and 5, and 
48 lots were dipped in Ceresan on July 8. Final counts and weights 
were made in September. 

Data showing the effect of the Ceresan treatment in reducing losses 
of bulbs from basal rot are shown in Table 1. In these data the weight 

TABLE I— Narcissus Bulb Yields from Planting Untreated Bulbs 
AND FROM Similar Bulbs Dipped Once or Twice Per Year in New 
Improved Ceresan (The Weights Given Are for Sound Bulbs at 
Planting Time) 



Bulbs Not Dipped in 1941 (Pounds) 

Bulbs Dipped in 1941 (Pounds) 

Year 

No Dip 
1942-1944 

Harvest Dip 
1942--1944 

Planting Dip 
1942-1944 

Harvest and 
Planting Dip 
1942-1944 

m2 

122,9 

138.2 

191.4 

200.7 

1943 

122.8 

208.4 

323.8 

333.0 

1944 

109.6 

258.3 

394.8 

415.1 


of sound bulbs at planting time from all fertilizer treatments and the 
unfertilized control are grouped together for each Ceresan treatment. 
The crop from bulbs that were not dipped in Ceresan at any time 
showed a net loss in weight for the three-year period. Bulbs given only 
the harvest dip in Ceresan yielded as of planting time in 1944 two 
and a third times as many pounds as the undipped bulbs. Bulbs that 
had been double-dipped in Ceresan in 1941 and had the single dip at 
planting time thereafter, yielded in 1944 more than three and a half 
times as much as the undipped bulbs: while those that had been 
double-dipped annually yielded slightly more. For the bulbs dipped in 
1941, the differences in weight between those dipped once and those 
dipped twice annually thereafter were not statistically significant. 

The effects of the various fertilizer combinations on bulb growth, 
flower count, and basal rot development are shown by the data in 
Table II, The data for all Ceresan treatments are combined in order 
to show the main effects of nitrogen, phosphorus, and potassium in the 
fertilizer. It is apparent that nitrogen in the fertilizer reduced the 
weight and number of bulbs and the number of flowers, and increased 
the amount of basal rot. The same effect, although to a lesser extent, 
was obtained with phosphorus. On the other hand, the presence of 
potassium in the fertilizer had exactly the opposite effect, increasing 
yields of bulbs and flowers and decreasing the amount of basal rot. In 
order to test the significance of these observed differences, the data for 
1944 were calculated for analysis of variance. These calculations show 
that the differences in weight and number of bulbs and amount of 
basal rot due to the presence of nitrogen in the fertilizer were signifi- 
cant at the 1 per cent level. The data for number of flowers exceeded 
the 5 per cent but fell short of the 1 per cent level. The differences in 
yield caused by phosphorus and by potassium were too low for signifi- 
cance at the 5 per cent level ; but the reduction in the number of bulbs 
with basal rot in the plots receiving fertilizers containing potassium 
was significant at the 1 per cent levd. 
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TABLE II — ^Weight and Number of Sound Narcissus Bulbs, Number 
OF Bulbs With Basal Rot, and Number of Flowers from Bulbs 
Grown With Low and High Levels of Nitrogen, of Phosphorus, 
AND OF Potassium 


Fertilizers 

Weight of Sound 
Bulbs 
(Pounds) 

Number of 
Sound Bulbs j 

i 

Number of 
Flowers 

Number of 
Bulbs With 
Basal Rot 


1942 

1943 

1944 

1942 

1943 

1944 

1942 

1943 

1944 

1942 

1943 

1944 

O-D-O. G-g-G 
-N GG-S. 0-8-8 

343.1 

528.2 

649.9 

2,748 

2,616 

4,670 

2,031 

2,602 

8,781 

460 

216 

147 

4-G-0, 4-8-G 
+N 4-0- 8, 4-8-8 

310.1 

i 

459.8 

528.2 

2,494 

2,264 

3,864 

2,087 

2,288 

3,284 

605 

249 

200 

0-0-0. 0-0-8 
-P 4-0-0. 4-0-8 

332.2 

514.9 

617.6 

2.662 

2,546 

4,481 

2.083 

2,530 

3,666 

521 

238 

168 

0-8-0, 0-8-8 
+P 4-8-0. 4-8-8 

320.9 

473.0 

560.5 

2,580 

2,334 

4,053 

2.035 

2,360 

3,399 

544 

227 

179 

0-0-G. 0 8-0 
-K 4-0-0, 4-8-0 

319.0 

482.4 

566.1 

2,558 

2.343 

4,177 

2,019 

2.382 

3,404 

567 

240 

191 

0-0-8, 0-8-8 
+K 4-0-8, 4-8-8 

334.1 

505.5 

611.9 

2,684 

2.537 

4,357 

2,099 

2,508 

3,661 

498 

225 

156 


The total number of bulbs showing basal rot decreased each year 
from 1942 to 1944. The number of sound bulbs decreased from 1942 
to 1943 and then showed a large increase. Neither of these measure- 
ments is as highly significant as the data for total weight of bulbs or 
the total number of flowers produced. All of the bulbs with basal rot 
are not recovered in harvesting and the total number of bulbs varies, 
depending upon the rate of propagation from rounds and mother 
bulbs. In this test slabs were separated before dipping in Ceresan and 
counted as bulbs. This was done only when the slabs could be removed 
easily without injuring the mother bulb, since such injury increases 
the chances of basal rot infection. 

The effects of the fertilizers on yield were relatively small in com- 
parison with the effect of the Ceresan, but they were very consistent, 
nitrogen and phosphorus reducing yields and potassium increasing 
them. These results are in agreement with the laboratory studies on 
the effect of nutrients on growth of the Fusarium in culture (3) and 
suggest that many fertilizer practices are of greater benefit to the 
Fusarium than to the narcissus. Other studies have shown that the 
source of the fertilizer element as well as the total amount may play 
an important role in disease susceptibility and consequent yield of 
bulbs. If the Fusarium could be more completely controlled it would 
be possible to determine the effect of the various fertilizer elements 
more accurately. 

No information is available in this study as to the relative fertility 
level of the soil where the narcissus were grown. It is possible that 
better results would be obtained if the fertilizers were applied to a 
cover crop during the season before the bulbs are planted and little or 
none applied to the bulbs. In future work the factors of soil fertility, 
time, amount, and method of fertilizer application as well as varietal 
response will be considered. 
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Hftat Espldr^tkm^ At Wme 

By A. F. Yeaoer, Nm Hampshire Agnc%Uurat 
Experiment Station, Dnth<m, N, H, 

A ll of us are itidebted to the work of our United States Department 
. of Aj^icultiire Office of Foreign Seed and Plant Introduction, 
and certain individuals for collectii^ and distributing new plant ma- 
terial from the ends of the earth which we may sometimes use directly 
— but more often indirectly — in our breeding programs for the de- 
velopment of new and better kinds of plants. Nevertheless, I am con- 
vinced that equally valuable material is to be found about us and under 
our feet, if we look for and recognize it. Unless it is something extra- 
ordinary, however, we are too prone to overlook it altogether. A few 
examples of native plants which have been used to good advantage* 
include such things as our native wild plum, sand cherries, apples, 
grapes, strawberries, raspberries, blackberries, gooseberries, and blue- 
berries. These have either been domesticated themselves or used in 
crossing with foreign stocks, to produce named varieties. The tendency 
among plant breeders from this point has been to assume that now 
we have the characteristics of the species in the nev variety and that 
our job now is to continue breeding work by selecting within these 
cultivated varieties and by recrossing between these cultivated varie- 
ties, recombine these characters. This wc have done until these fertile 
fields have been depleted. The fallacy of this comes from the assump- 
tion that when we take a wild plant representing a species, we have 
thereby introduced into our strain the total of the characteristics of 
that wild species. This is not true. I believe that there is more vari- 
ability between wild plants of the strawberry (Fragaria mrginiana) 
collected over its range than there is between our cultivated varieties 
Each wild plant consists of a collection of genes, but this collection may 
differ in many respects from that carried by any other wild plant 
Certainly variability in firmness of berry exists in wild plants from 
the very softest fruits to those that are much harder than any culti- 
vated sort. The color varies from light to very dark red. Some fruits 
have large, white cores; others have red flesh all the way through. 
There are long berries and round berries; sweet berries and sour 
berries ; some with much aroma ; some with very little. Some of the 
plants are adapted to acid soil, some to alkaline soil. Some are tall and 
some are short ; some early and some late. Some are very susceptible 
to leaf spot and others nearly immune to it. If one then is to cross a 
cultivated strawberry with a wild strawberry, the results he might 
secure will differ with the wild plant used. It is folly to assume that 
the wild strawberry crosses made one hundred years ago to produce 
the forerunners of our cultivated sorts just happened to contain all of 
the good things that there are in the wild strawberry. Obviously the 
thing needed to get new characteristics into strawberries is to search 
among the wild plants, select those which possess characteristics that 
are desired and use those in our breeding work. In whatever locality 
we are doing our work, the probability is that the best plant to use for 
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$dl loving^ pis^tly became of am $oil amestoia. Qh 
vioti8][y, one who lives in a fi^on whw a^Wftne som prevail should 
use mtive wild strawberries adapted to those alkaline soils for his 
breeding work. He may also pick up unexpected dividends* The writer 
made wild strawberry selections in North Dakota which were sent to 
Washington for possible use in the work of the United States Depart- 
ment of Agriculture. In 1946, they are reported as withstanding tem- 
peratures of 20 degrees above zero while in full bloom. The blossoms 
on mmed varieties were killed. Most of our breeding work consists of 
adding one desired character at a time. The frost resistance of these 
particular plants may thus be of great importance in the improvement 
of strawberries. 

Since it is obviously impossible to discuss all the plants in detail, 
may T now point out a few of the wild plants which probably possess 
characteristics which we need. The everbearing characteristic is quite 
common in wild raspberry plants, though not utilized until recently. 
Doubtless disease resistance is present if looked for. In blackberries, 
the near thornlessness of Rubus Canadensis is a feature blackberry 
breeders might well use. 

There probably is not a single wild plant, even those which have 
been used nmst in plant breeding work, which has been completely 
explored in its native habitat This is particularly true in the light of 
modern plant breeding methods wherein individual characteristics are 
considered rather than the plant as a whole Early exploration con- 
sisted largely in collecting those individuals which, considering every- 
thing added together, came the nearest to meeting our idea of a satis- 
factory cultivated plant Hence, there has probably been a great over- 
emphasis on size and flavor for which there are other sources, as con- 
trasted to such less obvious things as disease resistance, for example, 
or the hundreds of other inconspicuous, though much needed, charac- 
teristics which, put together, go to make up what we call a variety. If 
this be true of those things we have used the most, what can we say of 
those which have not so completely occupied the spotlight. A careful 
observer with an open mind has an abundant opportunity to exercise 
his talents as a plant explorer anywhere. 

The following are a few of the good prospects for more observation : 
hazel nut, black walnut, shagb^rk hickory and butternuts ; pin cherries, 
choke cherries, Amelanchier, elderberry. Viburnum, pawpaw, persim- 
mon, and hawthorn. Among the ornamentals, which are perhaps the 
most neglected of all, there are such things as Philadelphus, mountain 
laurel, honeysuckle, black elder (also known as wild holly), wild lilies, 
wild asters, rlpdora, and redbud. As for vegetables, many of those used 
by the American Indians before the coming of the white man have 
been permitted to lapse into oblivion. There is a question as to whether 
we might not use other species of Solanum, which one by one have 
been finding their way into the fold of the useful food group; even 
Solanum triflorum, which is listed by botanists as a poisonous plant, 
may have something in it that would be of use to a plant breeder. It 
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grows in dry areas unsuited to most other vegetation. While it is 
classed as a poisonous plant, the accuracy of this classification might 
be challenged, inasmuch as the writer, after forcing crushed berries 
down the gullet of an unwilling rabbit to determine whether they were 
harmful, learned that this operation was unnecessary since the rabbit, 
when released, ate the fruit readily without compulsion. 

Dr. L. C. Curtis has opened up entirely new possibilities in the 
Cucurbits by the collection and utilization of the wild perennial Cu- 
curbits of the southwestern United States in his breeding work from 
which he is developing plants for oil and stock feed production. 

Backyard gardens of our amateur horticulturists are also promising 
fields for plant exploration. One of our projects at the New Hampshire 
Experiment Station has been the collection of the many varieties and 
forms of beans which have been grown in family gardens in the New 
England area through many generations; even many of those which 
look alike prove not to be the same when grown in comparative trials. 
We have four distinct strains of Jacob’s Cattle, for example. Unusual 
disease resistance and certain unusual colors and flavors have been 
dividends from this exploration project. Jewett, New Hampshire Red 
Kidney and Cowey Red Lima have been distributed as results of this 
project. I think there is no question but that thousands of exceedingly 
useful plants from the plant breeder’s point of view remain thus to be 
discovered in someone’s back yard, secretly prized and utilized but not 
advertised. 

The hillsides of northern New England north of the range of stand- 
ard apple varieties, are dotted with thousands of apple seedlings planted 
there by animals from forgotten unsuccessful orchards. These should 
be studied with a critical eye ; something important may be there. The 
thousands of naturalized sweet cherries in Pennsylvania should be 
studied. No doubt you could supply similar cases. 

l^y all means, let us have foreign plant exploration but at the same 
time one need not feel that the exploration field is for someone else 
when such a land of opportunity lies all about him. 



Horticulture Research and Teaching in California^ 

By Warren P. Tufts, University oj California, Davis, Calif. 

T he term ‘‘Horticulture” at the University of California has for 
many years been used to designate the field of fruit culture and 
the term “Pomology” reserved for that portion of the subject which 
has to deal with the growing of deciduous tree fruits and small fruits 
other than the grape. Instruction given by the administrative divisions 
of Pomology, Subtropical Horticulture, Ornamental Horticulture, and 
Viticulture are all listed as horticultural courses. Instruction in vege- 
table production is not included under Horticulture but listed as 
Truck Crops. 

It is my intention to narrate at least some of the wSteps in the devel- 
opment of the present horticultural curriculum and program of re- 
search which have taken place during the past 35 years. 

At this point I am perhaps as confused in my thinking as were the 
little moron and his little moron helpers who were building a house, 
understand ! 

So the little moron went to the boss and asked him should they 
build it from the top down or from the bottom up. 

“Why, build it from the bottom up, of course !” the boss replied. 
The little moron turned and yelled to his hdpers : “Tear ^er down 
boys ! We got to start all over !” 

I will have to let you decide whether we are building from the top 
down or the bottom up and whether we should tear our whole struc- 
ture of curriculum and research program down and start all over. 

Although only about 12 per cent of our resources, whether meas- 
ured by men’s time or money spent, is devoted to resident teaching, 
leaving 85 per cent for research and 3 per cent for extension, it seems 
to me that all three activities are or should be inextricably interwoven. 

It is my judgment that the research worker will do better in his 
investigational activities if during one semester each year he has the 
responsibility for, let us say at least one three-unit course. This will 
necessitate liis keeping up to date with advances in the whole field of 
horticulture rather than in only his own narrow or specialized line of 
research. Students at the University level are a distinct spur to the 
intellectual development of the teacher, and in turn should not be 
denied the inspiration which comes from close association with the 
productive investigator, if he is also a good teacher. It is important 
also that a worker cn agricultural problems should have some contact 
with the farmers of his state — as was so ably pointed out by Dr. Lief 
Verner in his address to The Western Section of the American So- 
ciety for Horticultural Science at the Reno meetings in 1946. By this 
I do not mean' that the Experiment Station should devote all its efforts 
to the solution of immediate and practical problems but should bear 
in mind that farmers, and fruit growers particularly, are an intelligent 
group and are willing to await a solution of their problems but do 

^Address given at the Annual Meeting of the Western Section of the American 
Society for Horticultural Science, San Diego, Calif., June 17, 1947. 
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appreciate a “progress report” and suggestions arising from unfin- 
ished research which while not final, may be worthy of a trial on a 
limited scale. Therefore, I am convinced that a certain amount of 
extension work is an excellent stimulus to the investigator and he 
may many times receive ideas for a new approach to his problem 
from the man who makes his living from the soil. 

Teaching 

It is perhaps now time that I should give some attention to the 
“bottom” rather than parts of the superstructure. As implied above 
instruction in horticulture both at the undergraduate and graduate 
levels are foundations on which we must build the research program. 
The horticultural teacher and investigator must be furnished with 
proper tools for his profession and these are the knowledge and 
techniques acquired during both the undergraduate and graduate 
years. He must know his material, both the art and science of horti- 
culture, and be well grounded in the several sciences upon which the 
field of horticulture is based. If he is fortunate enough to have had a 
background of farm experience so much the better. 

About 25 years ago the College of Agriculture of the University of 
California made two rather drastic innovations so far as undergrad- 
uate instruction was concerned: First, instead of requiring all stu- 
dents to complete elementary courses in a number of agricultural 
subjects, which is still the standard procedure in many agricultural 
colleges of the United States, certain basic courses in the sciences 
were required, the distribution and emphasis depending somewhat on 
whether the student was more interested in plants or animals. How- 
ever, the requirements for the first year were practically identical so 
that there was no immediate need at matriculation to make the choice 
of a major. Second, encouragement, if not actual coercion, was given 
to the divisions offering work in the various branches of agriculture 
to reduce the number of courses to the minimum and yet allow the 
student some latitude during his Junior and Senior years in securing 
the 12 units in his major subject which are required out of a total of 
124 units necessary for the B.S. degree. At the same time, the require- 
ment of a thesis for the B.S. degree was eliminated. This was a good 
move, since, because of the nature of pomological material, the thesis 
work in most instances had to be initiated during the Junior year 
before the student had even a meager background in the subject. As a 
result of this policy it has been impossible for the student in Horticul- 
ture at the University of California to secure anywhere near the same 
number or proportion of units of Pomology as he might have at any 
number of other agricultural institutions. A quarter century of experi- 
ence of requiring as many or more units each of botany and of chemis- 
try as of pomology leads us to the conclusion that this is sound educa- 
tional policy whether the student is being trained to return to the 
farm, to enter business pertaining to agriculture or to proceed with 
graduate work looking towards professional work in agriculture. 
jPormer students state that their training in the sciences has been of 
greater value in evaluating new horticultural practices and materials 
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than additional horticultural courses would have been. The few 
changes which have been made through the years have had a tendency 
to broaden the student's foundation rather than towards greater 
specialization. 

For the master's degree in horticulture we have, in general, in- 
sisted on additional l)asic course work rather than emphasizing the 
presentation of a formal thesis. The student is required to do a satis- 
factory bit of research but instead of presenting a thesis he must stand 
an oral examination based in part upon his research but largely de- 
signed to determine his breadth of understanding of the whole field 
of horticulture, both practical and theoretical, and the sciences basic 
to horticultural practice. This general procedure for the master's de- 
gree has proved satisfactory. 

Another education experiment initiated some 15 or more years ago 
in several departments of the University was the institution of “Fields 
of Study" leading to the Ph.D. degree, cutting across long established 
academic departmental boundaries. In most instances the lines of de- 
marcation were drawn on the basis of certain disciplines, such as: 
Anirnal nutrition, comparative physiology, genetics, plant physiology, 
and soil science. Under this scheme, horticulture was eliminated as a 
major and no incentive presented to encourage the horticultural stu- 
dent to maintain intimate contact with developments in his chosen 
profession. 

By this device of Fields of Study a professor whether agronomist 
or horticulturist, whose training and interests are in some phase of 
plant physiolog}" may be elected by his peers in other academic de- 
partments to participate in deciding upon minimum requirements and 
may direct, examine and approve candidates for the doctor's degree in 
plant physiology. As a consequence we have professors of horticulture 
for students at the undergraduate level and for candidates for the 
master’s degree, but for the occasional candidate for the doctor's de- 
gree the same man must become a geneticist, a morphologist, a tax- 
onomist or a physiologist and as such maintain scholarship at a high 
level, not only as a horticulturist on the basis of which he received his 
appointment and expects advancement, but also in one or more of the 
disciplines above mentioned if he is interested in guiding graduate 
students. In view of the great advances that have been made in all the 
sciences impinging on horticulture during the past 20 years and es- 
pecially during the past few years, it is my considered judgment that 
a man cannot in this age of specialization be an outstanding horticul- 
turist and at the same time have the intimate knowledge in such fields 
as genetics, ecology, plant morphology, and plant physiology, neces- 
sary for the direction of graduate students in these disciplines. To my 
mind a system where there is a possibility of selecting Horticulture 
as the major subject and in addition one or two minor subjects such 
as plant anatomy and plant physiology is ideal. In this way intimate 
contact is maintained by the horticultural staff with the student 
throughout his graduate years to the end that he may be placed most 
advantageously for his future development and progress. I must con- 
clude that from the standpoint of both the student and faculty, our 
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present arrangement of forcing all horticultural students interested 
in proceeding to the doctorate to specialize in one .of the closely allied 
disciplines more or less to the exclusion of further work in horticulture 
has proved after a thorough trial in most instances to be unsatis- 
factory. 

^ Research 

Over the years considerable thought has beeen given to the organi- 
zation of the research program in pomology at the University of Cali- 
fornia. From about 1900 to 1910 there was one group in the institu- 
tion which thought that there was no need for experimental orchards 
— that in order to learn the “facts of life’' it was only necessary to 
observe the practices of the most successful growers and that these 
should be the basis of instruction at the University. Between 1910 and 
1920 some attempt was made to organize pomotogical research on a 
crop basis and to have prune, apple; pear, cherry, walnut, and so on 
specialists, following about the same pattern of organization as that 
of the United States Department of Agriculture. 

It soon became apparent, however, that the work in general should 
be organized horizontally rather than vertically — in other words, on 
the basis of techniques that would be equally applicable to all species. 
Thus was organized the cooperative project on irrigation of fruit trees 
under the guidance of Hendrickson of Pomology and Veihmeyer of 
Irrigation, both trained in plant physiology with the former specializ- 
ing in water relationships within the plant and the latter paying more 
particular attention to soil moisture in its relation to plant growth. The 
specialized techniques devised by these men have been applied success- 
fully to all species. How futile it would have been for a specialist in 
each fruit to have attempted to develop the techniques perfected by 
these investigators over the years in order to study the irrigation 
problems of his particular species. 

Following this general pattern we have established such general 
Experiment Station projects, with one or more workers in charge, as: 
pollination, pruning, orchard soils, (subdivided into cover crops, cul- 
tivation, nitrogen, potash, and phosphorus, zinc, boron, sodium and 
other elements), rootstocks, fruit thinning, climate in relation to fruit 
growing, fruit breeding, fruit morphology, varietal adaptation, fruit 
harvesting, handling, precooling, shipping and storage studies. 

As the years have passed, new problems have presented themselves 
which because of our ignorance of the factors involved could not be 
assigned to one of the workers in charge of the general projects as 
outlined above, or which because of the Yery nature of the problem 
divided itself among two or more of the above categories and thus 
necessitated a new general project. As an illustration of the former, 
zinc deficiency studies were first undertaken as a project entitled 
“Little Leaf or Rosette of Fruit Trees”; examples of the second are: 
“Black End of Pear”, “Split-pit of Peach”, and “Factors Influencing 
the Reestablishment of Peach Orchards in Old Peach Soils”. 

The above approach to the pomological problems of California has 
proved entirely satisfactory except for one weakness. It has failed, in 
itself, to develop men with detailed and intimate knowledge of the 
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materials and proUans of our specialized fruit industries. This knowl- 
edge is fundamental to Experiment Station service. In an effort to 
remedy this situation we have assigned to staff members responsi- 
bility for one or more crops, attempting in this assignment to give 
each man the fruit with which he has come to be most familiar in the 
course of his research work. For e:^mple, the man studying the, now, 
more or less academic problem of ‘^Black-end of Pear*', has acquired, 
during his investigations, a background of information regarding this 
fruit. 

Of more recent years there have developed pressure groups repre- 
senting certain fruit industries and it has been necessary to make staff 
additions of so-called crop specialists with such fruits ; however, so far 
as possible it is our plan to have these specialists function as liaison 
officers between the industry and those staff members in charge of the 
irrigation, pruning, fertilization, root-stock, and other general pro- 
jects. In order that these recently appointed crop specialists may not 
be handicapped professionally by becoming an expert in one of Cali- 
fornia's specialty crops and therefore not considered for positions in 
other states where such crops are not grown, we are encouraging 
these men to develop special fields of interest which may cut across all 
species. For example, the olive specialist is interested in the inter- 
relationship of temperature and length of day on fruitfulness and 
vegetativeness of fruit plants, using the strawberry as his initial ma- 
terial. Although we have a few men who have only the Experiment 
Station title and thus largely are relieved of teaching responsibilities, 
we are firmly convinced that for their own professional advancement, 
for the raising of the level of instruction and the improvement of in- 
dustry contacts, all staff members should have academic as well as 
Experiment Station titles and should participate in teaching and ex- 
tension. It is interesting to note that at Cornell all men are ‘‘profes- 
sors", and have no Experiment Station title. They may do only teach- 
ing or research or may do both. 

In the University of California no “iron curtains" limit the boun- 
daries of divisions which have been e.stablished for administrative 
purposes. The only limitations set are those of the worker himself: 
his knowledge and techniques. This policy has resulted in many splen- 
did truly cooperative projects between men in the same division or in 
different divisions. No attempt is made to force workers to cooperate 
since it has been our experience that unless the cooperative project is 
the desire of the men themselves it results in one worker doing the 
“cooing" and the other the “operating”, and dissatisfaction results 
upon publication because credit is generally not given where credit 
is due. This moves me to gratuitously interject the observation that 
administrative heads are all too prone to affix their names to publi- 
cations where their only contribution has been possibly suggesting the 
problem and approving the resulting manuscript. The administrator 
should be judged not by his own publications but by the quality of the 
contributions of his staff. It is also my conviction that some investi- 
gators are prone to publish prematurely. Laboring under the mis- 
apprehension, which may not be a misapprehension in some institu- 
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tions, that their advancement depends upon the number rather than 
the quality of their publications, they are tempted to begin an experi- 
ment with one hand and at the same time with the other write up their 
conclusions. It is my experience that those investigators whose work 
is of the highest quality, are perhaps too slow or over-cautious in 
publication and have to be constantly urged to present their findings 
on the printed page. 

Returning again to the organization of the agricultural research 
program in California, I call your attention to the statement to the 
effect that no hard and fast lines of demarcation between divisions are 
drawn. However, we in pomology regard our field as encompassing 
all production, harvesting and handling and storage operations which 
the fruit grower normally performs, including the varietal and physio- 
logical problems incident to packaging, precooling, transportation, 
storage and marketing of fresh fruits and the same type of problems 
with fruits which are processed by drying, freezing, or canning. We 
regard studies involving technological developments as in general 
beyond our interest. There is considerable question in my mind as to 
the advisability of the University concerning itself with technological 
problems which industry in general is better equipped to solve; ex- 
amples : packaging of dried and canned fruit, cannery machinery and 
processes, and so on. Certainly the study of varieties and their adapta- 
tion to environmental conditions as influencing the quality of the 
I^rocessed product is our concern. 

What proportion of the total resources available for agricultural 
investigation should be spent on pure or fundamental, whichever term 
you prefer, and what proportion on applied or practical research? In 
the final analysis we in an agricultural experiment station owe our 
first responsibility to the industry we serve. Nevertheless, I am con- 
vinced that we would be derelict in our duty if we did not devote 
much effort to the accumulation of a considerable ^‘back-log'* of knowl- 
edge, to be drawn upon from time to time in the future in the solution 
of new problems as they arise. Unless we keep this objective firmly 
in mind we will be in the unenviable position of following rather than 
leading our industry. Undoubtedly the proportion of effort spent in 
‘‘pure’’ research must vary from time to time and from station to 
station depending upon available funds and personnel. It is difficult 
not to be drawm too much towards the solution of immediate prob- 
lems and to overlook the importance of having facts at hand to help 
in the solution of new and even more pressing problems which are 
bound to arise in the future. In the last analysis the man in charge of 
the overall research program must assume the responsibility as to the 
manner and on what problems his staff devotes its time. 

Some institutions have seen fit to organize its staff so that one 
corps of workers devotes its time to so-called fundamental research 
and another corps to applied or industrial research. In my opinion this 
is a mistake. Workers in pure research soon become alienated not 
only from their fellow workers in the applied field but also from 
growers who are intensely interested in a solution of their immediate 
and pressing problems. As the years pass this super-scientific staff 
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becomes an increasingly difficult administrative problem since it can- 
not assume its fair share of the teaching and extension activities which 
are an integral part of our job as staff members of a College of Agri- 
culture. These men with specialized training are the very ones who 
with years of experience should assume the leadership in a depart- 
ment both as teachers and as contact men with the industry. 

Somewhat allied to the question as to the proper emphasis which 
should be placed on pure research, is the problem as to the proper 
approach to a new horticultural investigation. We find trees in the 
orchard not thriving and exhibiting symptoms with which we are not 
familiar; the plant pathologists and entomologists disclaim any re- 
sponsibility; shall the horticulturist attempt a solution by means of 
field or laboratory experiments? In general it takes a worker with 
wide experience in the field to even suggest a possible attack. It has 
been our observation that field experiments supplemented by labora- 
tory studies are the most likely to give the first leads to an ultimate 
solution. Later emphasis may be given to the laboratory work but 
the final proof is always in the field. The solution of the problem of 
^'Little Leaf’ and ‘‘Rosette” of deciduous and “Mottle Leaf” of citrus 
trees furnishes a classic example. 

True research cannot be directed — there is no real significance in 
the title, Director of Research. The administrative officer in charge of 
a research program can only point out the problem, select the man 
who in his judgment has the techniques and experience most likely 
to be useful in its solution, and provide the necessary facilities and 
encourage the worker from time to time. The real investigator is one 
to whom his work is fun, who would rather be doing what he is than 
anything else in the world. 

These random thoughts to which I have attempted to give expres- 
sion lead me to my final statement. In order to build our house, that 
is, our program of teaching and research, from the bottom up, it 
seems to me that the foundation will only be as strong as the men 
who make up the teaching and research staff of a horticultural de- 
partment. In the final analysis it is the calibre of its faculty which 
determines the greatness of a University. What then should be the 
qtialifications of these men ? 

At the University of California for many years we have required 
that all new appointees to the regular staff shall have received the 
Ph.D. degree, or at least have attained comparable training and ex- 
perience. It is admitted that there are perhaps just as good men 
available without the degree, but the degree certainly is a convenient 
yard-stick and apparently the best criterion at present available. I am 
convinced that the worker who is most likely to succeed in the field of 
horticulture is one whose first love was agriculture as demonstrated 
by the fact that his undergraduate training was in agriculture. With 
this as a backyard his graduate years should be devoted largely to 
gaining competence in one or more of the disciplines upon which our 
Science is based. It is difficult at best to bring about the metamor- 
phosis of a botanist or chemist into a horticulturist even after year.s 
of exposure to the field within a horticultural department. 



Register of New Fruit and Nut Varieties 
List No. 3 

Compiled by Reid M. Brooks and H. P. Olmo, University 
of Calijornia, Davis, Calij. 

Cooperating Horticulturists 

Alabama; T. B. Hagler. Arizona: A. H. Finch. Arkanaaa: J. £. Vaile. Cali- 
fornia: W. E. Lammerts, M. B. Hounds, C. A. Schroedcr, H. C. Swim. Canada: 
A. W. S. Hunter, E. P. Palmer. Connecticut: D. F. Jones. Delaware: L, R. 
Detjen. Florida: F. E. Gardner, S. J. Lynch, Geo. D. Kuehle. Georgia: M. M. 
Murphy, Jr., J. H. Weinberger. Idaho: Leif Verner. Illinois: R. L. McMunn. 
Indiana: C. E. Baker, C. L. Burkholder, Laurenz Greene. Louisiana: J. C. 
Miller. Maryland: G. M. Harrow, C. A. Reed. Michigan: Stanley Johnston. 
Minnesota: A. N. Wilcox. Mississippi: E. A. Currey, N. H. Loomis. Missouri: 
Paul Shepard. New Hampshire: L. P. Latimer. New Jers^: M. A. Blake. 
New Mexico: J. V. Enzie. New York: John Einset, G. H. Howe, G. D. 
Oberle, G. L. Slate, Richard Wellington. North Carolina: M. E. Gardner, 
C. F. Williams. Ohio: Freeman S. Howlett. Oklahoma: F. B. Cross. Oregon: 
Henry Hartman, C. E. Schuster, Geo. F. Waldo. Pennsylvania: F. N. Fagan. 
South Carolina: John T. Bregger. South Dakota; N. E. Hansen. Tennessee: 
Brooks D. Drain, J. C. McDaniel. Texas: E. Mortensen. Utah: Francis M, 
Coe. Vermont: M, B. Cummings. Virginia: R. C. Moore. Washington: C. D. 
Schwartze. West Virginia: W. IT. Childs, Edwin Gould. Wisconsin: James 
G. Moore. Wyoming: W. O. Edmondson. 

REVISIONS, LIST NO. V 
Peach 

Sung old.— Prof. T. J, Maney of Iowa State College was the first to recog- 
nize its possible value and first called it to public attention about 1924. Rights 
to propagation assigned to Interstate Nurseries, Hamburg, Iowa. 

Strawberry 

Corvallis. — Patent no. 60; April 18, 1933; dedicated, by mesne assignments, 
to the People of the United States of America. 

REVISIONS, LIST NO. 2* 

Avocado 

Ryan {Summer Fuerte ). — Originated in Whittier, California, by A. R. 
Rideout. 

Summer Fuerte . — See Ryan. 

Zutano. — Probably a hybrid between Mexican and Guatemalan races. 

Cherimoya 

Ott. — Originated in Mexico City, Mexico. 

Nectarine 

Hunter. — A nectarine. 

LIST NO. 3 
Apple 

Alaska. — Originated in Ettersburg, California, by Albert F. Etter. Intro- 
duced commercially in 1944. Patent no. 699; June 18, 1946; assigned to George 


^Proc. Amer. Soc. Hart, Sci. 45 : 467-490. 1944. 
*Proc. Amer. Soc, Hort. Sci. 47 : 544-569. 1946. 

426 



BItOOlCS ANt) OtHO: EEGlSTKlt NO* 3 


427 


C Roedingf Jr., California Nursc^ Company, Niles, California. Open pol- 
linated seedling of Bedfordshire Foundling; selected in 1944. Fruit: flesh 
snow white ; skin shiny ; medium sized. Tree : heavy producer. 

Atha. — Originated in Cullman County, Alabama, by Miss Atha Warnick. 
Introduced commercially about 1930. Open pollinated seeding of Red Astra- 
chan (perhaps x Yellow Transparent); selected about 1915. Fruit: firmer, 
ripens six weeks later, and less tendency to biennial bearing than Yellow 
Transparent. Tree: most nearly resembles Yellow Transparent, but more 
vigorous, 

Bark-Red Staymared. — Originated in Barber, Allegheny County, Virginia, 
by B. C, Moomaw, Jr. Introduced commercially in 1927. Trademarked by 
Stark Brothers Nursery, Louisiana, Missouri. Bud mutation of Stayman 
Winesap, Fruit: skin darker red than that of parent. 

Etter’s Gold. — Originated in Ettersburg, California, by Albert F. Etter. 
Introduced commercially in 1944. Patent no. 659; August 28, 1945 ; assigned to 
George C. Roeding, Jr,, California Nursery Company, Niles California. Par- 
entage unknown. Fruit: matures in October; skin golden yellow; flesh crisp. 

Fireside (Minnesota No, 993), — Originated in Excelsior, Minnesota, by the 
Minnesota Agricultural Experiment Station (Charles Haralson), Intro- 
duced commercially in 1943. Parentage unknown; selected in 1917; selected 
for further testing in 1927. Fruit: large (3 inches in diameter) ; skin medium 
red, lightly striped with darker red ; flesh yellowish, medium coarse, medium 
tender, medium juicy; flavor mild subacid; quality excellent for dessert pur- 
poses; season of use November to April. Tree: hardy; vigorous; resistant 
to cedar rust but is only slightly less susceptible than Wealthy to apple scab 
and fire blight. 

Frostproof. — Originated in Mineral, Virginia, by Max Bazzanella, of the 
Max Nursery. Introduced commercially in 1947. Patent no. 722; January 7, 
1947. Parentage unknown; discovered in 1930. Fruit: bronze with russet, 
quality fair; 2]/4 to 3 inches; matures with Winesap; most nearly resembles 
Rustycoat. Tree: blooms 30 days later than most apples usually do. 

Idagold. — Originated in Moscow, Idaho, by the Idaho Agricultural Experi- 
ment Station (Leif Verner). Introduced commercially in May, 1944. Esopus 
Spitzenburg x Wagener; selected in 1939. Fruit: high dessert and keeping 
qualities; most nearly resembles Esopus Spitzenburg. 

Jonwin. — Originated in Ettersburg, California, by Albert F Etter. Intro- 
duced commercially in 1944. Patent no. 710; September 17, 1946; assigned 
to George C. Roeding, Jr., California Nursery Company, Niles, California. 
Jonathan x Baldwin; selected in 1944. Fruit: large, size of Baldwin which 
it most nearly resembles; ripens during Jonathan season. 

Lisakowsky. — See Saint Clair. 

Margaret Pratt. — Originated in Owen Sound, Ontario, Canada, by C. A. 
Fleming. Introduced commercially about 1938. Parentage unknown; dis- 
covered before 1923 in the garden of Margaret Pratt. Fruit: most nearly 
resembles Red Astrachan but is larger; should be picked early since it 
breaks down if allowed to take on full color; used for cooking. Tree: ap- 
pearance and performance similar to Red Astrachan; good bearer. 

Minnesota No, 396. — See Victory. 

Minnesota No. 993. — See Fireside. 

Payette. — Originated in Moscow, Idaho, by the Idaho Agricultural Experi- 
ment Station (Leif Verner). Introduced commercially in May, 1944. Ben 
Davis X Wagener; selected in November, 1936. Fruit: large, good red color, 
high dessert quality; most nearly resembles Ben Davis. 

Pink Pearl. — Originated in Ettersburg, California, by Albert F. Etter. 
Introduced commercially in 1944. Patent no. 723 ; March 4, 1947 ; assigned to 
George C. Roeding, Jr., California Nursery Company, Niles, California. Open 
pollinated seedling of ^^Surprise;” selected June 23, 1944. Fruit: transparent 
skin which glows pink from flesh beneath ; outstanding bouquet when skin 
is broken; ripens in September. 

Red Delicious. — See Redwia. 

Redgold. — Originated in Cashmere, Washington, by F. A. Schell, Intro- 
duced commercially in 1946. Patent no. 720; assigned to Stark Brothers 
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Nurseries, Louisiana, Missouri, December 24, 1946. Golden Delicious x Rich- 
ared Delicious; selected about 1936, Fruit: fine flavor; red; matures fairly 
early. Tree: bears early. 

Red Gravenstein. — Originated in San Juan County, Washington, by Van 
Sent V. Whipple. Introduced commercially in 1924. Bud mutation of Graven- 
stein; discovered in 1907 or 1908. Fruit: solid dark red; superior in appear- 
ance to Gravcnstein or to Banks Gravenstein. 

Red Hackworth. — Originated in Morgan or Cullman County, Alabama; 
originator unknown. Introduced commercially by Empire Nursery and 
Orchard, Baileyton, Alabama, about 1925. Probably an open pollinated seed- 
ling of Hackworth; selected before 1900. Fruit: quality good when fully 
ripe (August); smaller, firmer, and more solid red than Hackworth. Tree : 
well adapted to Alabama climate and soils; good understock variety in 
northern Alabama where it is propagated on own roots from suckers. Most 
nearly resembles Hackworth in tree and in flavor of fruit. 

Redwin {Red Delicious ). — Originated in Peshastin, Washington, by J. L. 
Johnson. Introduced commercially in 1928. Bud mutation of Delicious; dis- 
covered in 1925. Fruit: colors early, retaining dark red stripes at full ma- 
turity. 

Rome Beauty Double Red. — Originated in Wapato, Washington, by E. E. 
Cowin. Introduced commercially in 1927. Trademarked by Stark Brothers 
Nurseries, Louisiana, Missouri. Bud mutation of Rome Beauty; discovered 
in 1925. Fruit: skin more highly colored than that of parent. 

Saint Clair (Licakowsky ). — Originated in Lebanon, Saint Clair County, 
Illinois, by Mr. John J. Lizakowsky. Introduced commercially in 1935. Par- 
entage unknown, raised from seed of an apple purchased from a train vendor 
in 1913 or 1914. Fruit: large; quality good; ;natures in summer; nearly solid 
red when grown in Lebanon, Illinois. Tree: strong; productive; adaptable 
to growing in Alabama. 

Victory (Minnesota No. 396 ). — Originated in Excelsior, Minnesota, by 
the Minnesota Agricultural Experiment Station (Charles Haralson). Intro- 
duced commercially in January 1943. Probably an open pollinated seedling 
of McIntosh; first fruited in 1918. Fruit: holds well on tree; flesh and skin 
not as tender as McIntosh which it most nearly resembles; skin medium 
red; fle.sh white, fine-grained, juicy, aromatic; season of use October 15 to 
March 15; dessert variety. 

Wealthy Double Red. — Originated in Sodus, New York, by James G. Case. 
Introduced commercially in 1940. Trademarked by Stark Brothers Nurseries, 
Louisiana, Missouri. Bud mulation of Wealthy; discovered in 1933. Fruit: 
resembles parent except that fruit is of a darker red skin color. 

Willow Twig Double Red. — Originated in Hardin, Illinois, by C. F. Braden. 
Introduced commercially in 1929. Trademarked by Stark Brothers Nurseries, 
Louisiana, Mis.souri. Bud mutation of Willow Twig; discovered in 1927. 
Fruit : resembles parent variety except for darker red skin color. 

Apricot 

Bowers. — Originated in Yakima County, Washington, by William I. Bowers. 
Introduced commercially in April, 1943. Patent no. 630; June 27, 1944. Parent- 
age unknown; discovered in 19v30. Fruit: early; large; high color; good can- 
ner; fine flavor and texture. Tree: heavy bearer; most nearly resembles 
Riland. 

Earle Orange. — Originated in Grandview, Washington, by W. L. Roberts. 
Introduced commercially in 1945. Patent no. 674; April 2, 1946; assigned to 
Stark Brothers Nurseries, Louisiana, Missouri. Parentage unknown; dis- 
covered in 1920. Fruit: flesh deep orange in color; crimson blush on skin; 
ripens 10 days earlier than Riland at Grandview; ripens evenly. Tree: 
upright growth ; blooms later than most late-maturing varieties. 

Phelps. — Originated in the Yakima Valley, Washington, by B. F. Phelps. 
Introduced commercially about 1938. Parentage unknown; discovered about 
1934, Fruit; ripens very early and evenly; very large; quality good; excellent 
shipper; flesh yellow; skin with red blush. 
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Reeves. — Originated in Burbank^ California, by William H, Reeves. Intro- 
duced commercially in 1947. Patent no. 693; June 4, 1946; assigned to Arm- 
strong Nurseries, Inc., Ontario, California. Parentage unknown; discovered 
about 1939. Fruit: ripens approximately 1 month before Royal and about 
2 weeks before Newcastle; superior in flavor, skin color, and size to New- 
castle; poor shipper. Tree: chilling requirement similar to that of New- 
castle. 

Blackberrv 

Big-Ness (Texas R40-51). — Originated in College Station, Texas, by the 
Texas Agricultural Experiment Station (S. H. Yarnell). Introduced com- 
mercially October 31, 1946. Plant selected in 1940 from Fa of Ruhus rubriseius 
X Nessberry. Fruit: large; season early; most nearly resembles Mammoth. 
Bush: vigorous; resistant to little-fruit. 

Cameron. — Originated in Raleigh, North Carolina, by the North Carolina 
Agricultural Experiment Station (Carlos F. Williams). Introduced com- 
mercially in 1938. Young x Lucretia; selected from a cross of 1930. Fruit: 
shiny black ; larger and sweeter than Lucretia which it most nearly resembles. 
Bush: productive; vigorous; disease resistant; dewberry-type. 

Earli-Ness (Texas R40-4), — Originated in College Station, Texas, by the 
Texas Agricultural Experiment Station (S. H. Yarnell). Introduced com- 
mercially October 31, 1946. Plant selected in 1940 from F.s of .Ruhus rubrisetus 
X Nessberry. Fruit: earliest maturing variety known. Bush: vigorous; resist- 
ant to little-fruit; most nearly resembles Early Wonder. 

Kosmo. — See Kosmos. 

Kosmos[ (Kosmo). — Originated in Oregon City, Oregon, by Percy W. Mere- 
dith. Not introduced commercially. Patent no. 39; October 25, 1932. Parentage 
unknown. Fruit: berry very soft. Bush: very susceptible to leaf spot. 

Ol 3 anpic. — Originated in Vashon, Washington, by Peter Erickson. Intro- 
duced commercially in 1930. Patent no. 247 ; April 20, 1937 ; assigned to H. F. 
Greider, Vashon, Washington. Young x Plum F'armer?; selected about 1929. 
Fruit: claimed to be larger, darker, and sweeter than Young; but similiar 
if not identical with it. 

Regal-Ness (Texas R40-202), — Originated , in College Station, Texas, by 
the Texas Agricultural Experiment Station (S. H. Yarnell). Introduced com- 
mercially October 31, 1946. Plant selected in 1940 from Fs of Ruhus rubrisetus 
X Nessberry. Fruit: matures early; most nearly resembles Earli-Ncss. Bush: 
vigorous; resistant to little-fruit. 

Texas R40-51. — See Big-Ness. 

Texas R40-4, — See Earli-Ness. 

Texas R40-202. — See Regal-Ness. 

Carob 

Santa Fe. — Originated in Santa Fe Springs, Los Angeles County, California, 
by Lawrence Holmes of the California Carob Plantations. Introduced com- 
mercially in 1922. Selection made from a wild tree in 1920; this original tree 
was still alive in 1946. Fruit: large. Two plantings were made: one at River- 
side, California, which is now completely submerged by the Los Angeles 
Metropolitan Water District lake; the other at Pasadena, California, which 
was abandoned when the land was subdivided for residences. 

Cherimoya 

Bays. — Originated on the James H. Bays ranch in Ventura, California. 
Introduced commercially in 1920. Parentage unknown. Fruit : round ; finger- 
printed surface; quality good. Tree: good bearer. 

Dr, White.— See White. 

Sallmon. — Originated in Chula Vista, California, by J. Eliot Coit. Intro- 
duced commercially in 1931. Seeds came from the William Sallmon ranch; 
Parentage unknown. Fruit: large; skin smooth and tough; quality poor. No 
longer being planted. 

White (I?r. White). — Originated on the Dr. White ranch, Lemon Grove, 
California, by James H. Maepherson. Introduced commercially in 1930. Par- 
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entage unknown ; discovered m 1928 from a tree planted in 1912. Fruit : large ; 
flavor fine, even after fruit is quite soft. 

Cherry 

Attgust Sttpre]ne.~~Originated in Wayne County, Ohio, by Menno Gerber* 
Introduced commercially in 1936. Patent no. 164; January 21, 1936; assigned 
to W. N. Scarff's Sons, New Carlisle, Ohio. Parentage unknown ; discovered 
in 1932. Fruit: sweet; ripens very late, August 1 to 15 in region of origin; 
firm; juicy; juice does not exude when the stem is removed. 

£bony.«^riginated in Moscow, Idaho, by the Idaho ^ricultural Experi- 
ment Station (Leif Vemer), Introduced commercially in 1946. Lambert x 
Black Republican (probably) ; selected in 1940. Fruit : good dessert quality ; 
most nearly resembles Black Republican. Tree : bears heavily. 

Lamida. — Originated in Moscow, Idaho, by the Idaho Agricultural Experi- 
ment Station (Leif Verner). Introduced commercially in 1946. Open pollinated 
seedling of Lambert; selected in 1940. Fruit: resists cracking; large; good 
dessert quality; most nearly resembles Lambert. 

Spalding. — Originated in Moscow, Idaho, by the Idaho Agricultural Ex- 
periment Station (Leif Verner). Introduced commercially in 1946. Bing x 
Deacon (probably); selected in 1942. Fruit: large; very firm; good luster; 
most nearly resembles Bing. 


Chestnut 

Abundance. — Originated in Eagle Creek, Oregon, by Carroll D. Bush. In- 
troduced commercially in 1941. Parentage: scions were cut from most vigor- 
ous seedlings resulting from planting of imported seed of Castanea mollissima. 
Nut: appearance attractive; cleans well; sweet; larger and more prolific 
than Honan which it most nearly resembles. 

Connecticut Yankee. — See Yankee. 

Stoke (Stoke Hybrid). — Originated in Roanoke, Virginia, by H. F. Stoke 
from mixed seed sent to him for stock purposes by the Division of Forest 
Pathology, U. S. Plant Industry Station, Beltsville, Maryland. The seed was 
produced at the Plant Propagating Garden (Bell Station), Glenn Dale, Mary- 
land. Introduced commercially by Mr. Stoke in 1936. Parentage largely or 
altogether Japanese, although possibly part Chinese. Nut: ripens at Roanoke 
very early, usually beginning during the third week in August. Tree: ex- 
tremely precocious; prolific; little else to commend it. Probably obsolete. 

Stoke Hybrid. — See Stoke. 

Yankee (Connecticut Yankee). — Originated in Riverside, Connecticut, on 
land now owned by E, E. Hunt; first propagated by Dr. J. Russell Smith, 
Swarthmore, Pennsylvania, in the Sunny Ridge Nurseries of northern Vir- 
ginia in 1935. Introduced commercially in 1935. Parentage unknown, but prob- 
ably indirectly from the United States Department of Agriculture. Nut: 
choice. Tree: hardy in eastern United States; Castanea mollissima. 

Zimmerman. — Originated in Linglestown, Pennsylvania, by Dr, G. A. Zim- 
merman. Introduced commercially in 1935. Grown as a nursery seedling re- 
sulting from nuts (Castanea mollissima) imported from Nanking; selected 
in 1930; first propagated by H. F. Stoke, Roanoke, Virginia, in 1933; first 
catalogued by Dr. J. Russell Smith in 1938. Nut : appearance attractive ; cleaning 
quality good; sweet; trifle small; may be supplanted by other varieties that 
have larger fruits. 

Currant 

Red Lake. — Originated in Excelsior, Minnesota, by the Minnesota Agri- 
cultural Experiment Station (W. H. Alderman). Introduced commercially in 
1933. Parentage unknown. Fruit: large berries equal to those of Perfection; 
clusters long and well-filled. Bush: superior to those of the Perfection 
variety. 

Holldndische Role. — See Viking. 

R0d Hollmdsk Druerips. — See Viking. 

Viking (Holldndische Rote, Rpd HoUandsk Druerips). — ^Originated in 
Europe where it has been known for many years. Introduced commercially 



BROOKS 4K0 Ot.|i|0:RECXST£R N 0/3 431 

ia the United States of America from Norway by the United States Depart- 
ment of Ajprriculturc (Glenn Gardner Hahn). Ribes petraeum Wulf. x R. rub- 
raw L. (direction of cross not known). Fruit: red; matures late. Plant: im- 
mune to white pine blister rust (CronarHutn ribicola) ; productive; only 
red currant grown in whfte pine territory (according to Dr. W. H.' Alderman, 
University of Minnesota (Iw)]. 


Date 

Sphinx. — Origin unknown; imported as Hayany into the United States 
in 19^ by the Phoenix Date Company, Phoenix, Arizona. Introduced com- 
mercially in 1925. Open pollinated seedling, supposedly of Hayany; selected 
in 1920. Fruit : small seed and very little rag; mdst nearly resembles Maktoon, 
except in color. Tree: very heavy producer (four-year record of 350 pounds 
per palm). 

Filbert 

Fitzgerald. — Originated in Washougal, Washington, by D. Fitzgerald. In- 
troduced commercially in 1936. Parentage unknown; open-pollinated seed- 
ling; discovered in 1936. Fruit: round type; good size. 

(^OSEBERRY 

Pixwell. — Originated in Fargo, North Dakota, by the North Dakota Agri- 
cultural Experiment Station (A. F. Yeager). Introduced commercially in 
1932. Oregon Champion x Ribes mtssouriense ; cross of 1920. Fruit: size me- 
dium; pink when npe; in clusters and borne on long pedicels; few thorns. 
Bush: nardy; very productive. 

Grape 

Brownie. — Originated in Experiment, Georgia, by the Georgia Agricultural 
Experiment Station (J. G. Woodroof). Introduced commercially in 1933. 
Open pollinated seedling of San Monta; selected in 1930. Fruit: highest sugar 
content of muscadine varieties, quality excellent. Not recommended for com- 
mercial planting by Muscadine Grape Committee, Southern Section, American 
Society for Horticultural Science. 

Burgaw. — Originated in Willard, North Carolina, by the United States 
Department of Agriculture and the North Carolina Department of Agricul- 
ture (Charles Dearing). Introduced commercially in 1946. Thomas x yi9 
R7 B2 (Scuppernong x male) ; selected from a cross made about 1912. Vine : 
muscadine type; can be used as a pollinator; perfect-flowered; self- and 
cross-fertile ; most nearly resembles Thomas. 

Cape Fear. — ^Originated at the Coastal Plains Experiment Station, Willard, 
North Carolina, by the United States Department of Agriculture and the 
North Carolina Department of Agriculture (Charles Dearing). Introduced 
commercially in 1946. Burgaw x V20 P36 B4 [V19 R7 B2 (Scuppernong x 
male) x Kilgore] ; cross made about 1915 or 1916. Fruit : muscadine type ; 
color white; matures very late; most nearly resembles Scuppernong, Vine: 
pistillate variety. 

Cardinal. — Originated in Fresno, California, by the United States Depart- 
ment of Agriculture (Elmer Snyder and Frank N. Harmon). Introduced 
commercially in October, 1946. Flame Tokay x Ribier (Alphonse Lavall6e) ; 
selected in 1943. Fruit: matures early; quality good; most nearly resembles 
Ribier except for red color. 

Creek. — ^Originated in Experiment, Georgia, by the Georgia Agricultural 
Experiment Station (J. G. Woodroof). Introduced commercially in 1938. 
Open pollinated seedling of San Monta; selected in 1934. Fruit: thinnest 
skin and highest percentage of free run juice of muscadine varieties ; high m 
sugar and acidity; ripens late; recommended for commercial planting in 
southern half of muscadine region by Muscadine Grape Committcee, Southern 
Section, American Society for Horticultural Science. 

Cretwell. — Originated in eastern North Carolina by the United States 
Department of Agriculture and the North Carolina Department of Agri- 
culture (Charles Dearing) of Willard, North Carolina. Introduced com- 
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mercially in 1946. Parentage unknown; discovered about 1915. Fruit: mus- 
cadine type; fine flavor; ripens over a long period. For home use. 

Dawn. — Originated in Experiment, Georgia, by the Georgia Agricultural 
Experiment Station (H. P. Stuckey). Introduced commercially in 1938. Scup- 
pcrnong x black male muscadine; selected in 1937. Fruit: earliest ripening 
variety; most nearly resembles Scuppernong. Not recommended by Mus- 
cadine Grape Committee, Southern Section, American Society for Horticul- 
tural Science. 

Delight. — Originated in Davis, California, by the California Agricultural 
Experiment Station (H. P. Olmo). Introduced commercially in the spring 
of 1947. Scolokertek hiralynoje No. 26 x Sultanina marble; cross made in 
1936; first fruited in 1940. Fruit: seedless, oval, yellow-green, firm; cluster 
large, shouldered; well-filled; most nearly resembles Thompson Seedless 
but ripens 10 days earlier, shatters less, and in most localities has a slight 
Muscat flavor. Vine : fruitful when spur pruned. A table and raisin variety. 

Dulcet. — Originated in Experiment, Georgia, by the Georgia Agricultural 
Experiment Station (J. G. Woodroof). Introduced commercially in 1934. 
Open pollinated seedling of Irene ; selected in 1928. Fruit : excellent quality, 
persistent; most nearly resembles Thomas. Vine: foliage viery resistant to 
black rot. Recommended for the home vineyard by Muscadine Grape Com- 
mittee, Southern Section, American Society for Horticultural Science. 

Duplin. — Originated at the Coastal Plains Experiment Station, Willard, 
North Carolina, by the United States Department of Agriculture and the 
North Carolina Department of Agriculture (Charles Dearing). Introduced 
commercially in 1946. Stanford x VIO R15 B4 [Eden x V23 R4 B2 (Eden 
X Munsoniana)] ; cross made about 1912. Fruit : muscadine type; large; black; 
clusters fair ; most nearly resembles James. Vine : perfect flowered type for 
pollination purposes. 

Hanover. — Originated in Geneva, New York, by the New York State 
Agricultural Experiment Station (S. A. Beach). Introduced commercially in 
1924. Brighton x Niagara ; selected at Fredonia, New York, by F. E. Gladwin, 
October 3, 1924. Fruit: fruit quality holds longer than that of either parent; 
has promise for dessert and white wine; most nearly resembles Brighton in 
fruit characters. Vine: more vigorous and productive than either parent; 
more hardy than Niagara; flowers are self-fruitful. 

Howard. — Originated in Experiment, (Borgia, by the Georgia Agricultural 
Experiment Station (H. P. Stuckey). Introduced commercially in 1929. Scup- 
pernong X black male muscadine; selected in 1926. Fruit: resembles Scupper- 
nong. Not recommended by Muscadine Grape Committee, Southern Section, 
American Society for Horticultural Science. 

Hunt. — Originated in Expermiment, Georgia, by the Georgia Agricultural 
Experiment Station (H. P. Stuckey). Introduced commercially in 1920. 
Flowers x white male muscadine; selected in 1918. Fruit: quality excellent; 
very even in ripening, unusal in muscadine grapes; dull black with little 
bloom when prime ripe; skin medium to thin with abundant pigment prized 
by manufacturers of wine and frozen pulp; sugar content higher than Scup- 
pernong variety, containing appreciable amount of sucrose. Vine : very prolific. 
Considered the best dark fruiting variety, the only one unanimously recom- 
mended for commercial plantings in the southeastern states by the Muscadine 
Grape Committee, Southern Section, American Society for Horticultural 
Science. 

Interlaken Seedless. — Originated in Geneva, New York, by the New York 
State Agricultural Experiment Station (A. B. Stout, G. D. Oberle, and R. 
Wellington). ^Introduced commercially September 17, 1946. Ontario x Sul- 
tanina; selected September 6, 1937. Fruit: seedless; non-slipskin type; flesh 
crisp and meaty ; most nearly resembles Sultanina but has slight Ontario 
flavor. Vine: seems to be sufficiently hardy for the eastern United States. 

Irene. — Originated in Experiment, Georgia, by the Georgia Agricultural 
Experiment Station (H. P. Stuckey). Introduced commercially in 1920. 
Thomas x black male muscadine; selected in 1918. Not recommended by 
Muscadine Grape Committee, Southern Section, American Society for Horti- 
cultural Science. 
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Italia. — Originated in Rome, Italy, by the Institute of Fruit Culture (A. 
Pirovano). Introduced commercially in California by the California Agri- 
cultural Experiment Station in 194d. Bicane x Muscat Hamburg ; cross made 
in 1911. Fruit: berries very large, golden, with Muscat flavor; cluster loose, 
conical. Vine: very productive. 

Kilgore. — Originated at the North Carolina Coastal Plains Experiment 
Station, Willard, North Carolina, by the United States Department of 
Agriculture and the North Carolina Department of Agriculture (Charles 
Dearing). Introduced commercially in 1946. Open pollinated seedling of 
Labama; cross of 1908. Fruit: muscadine type; flesh melting; seeds separate 
from pulp; flavor fair. Vine: weak. 

Lucida. — Originated in Experiment, Georgia, by the Georgia Agricultural 
Experiment Station (J. G. Woodroof). Introduced commercially in 1933. 
Open pollinated seedling of Irene; selected in 1930. Fruit: largest bronze 
colored variety. Not recommended by Muscadine Grape Committee, Southern 
Section, American Society for Horticultural Science. 

Melton. — Originated in Geneva, New York, by the New York State Agri- 
cultural Experiment Station (Richard Wellington). Introduced commercially 
in 1923. Triumph x New York Station Seedling #4064 [(Winchell x Diamond) 
X Jefferson]. Fruit: clusters long and attractive; quality good; texture good. 
This variety was dropped from the list recommended for trial for New York 
because of the tendency of the berries to crack during ripening. 

Morrison. — Originated at the Coastal Plains Experiment Station, Willard, 
North Carolina, by the United States Department of Agriculture and the 
North Carolina Department of Agriculture (Charles Dearing). Introduced 
commercially in 1946. Scuppernong x a selected white male ; cross made in 
1909. Fruit: muscadine type; quality good; matures early; most nearly 
resembles Scuppernong. Vine: pistillate; growth weak. 

Myakka. — Originated in southern Florida by Joseph L. Fennell. Introduced 
commercially in 1947. i^Vitis shuttlczvorthii x F, smalliana) x V. znnifera hort. 
var. Malaga; selected in 1943. Fruit: clusters large; sweet flavored; purple 
skin; most nearly resembles Sultana except for purple color. Vine: produc- 
tivity high; vigorous; moderate disease resistance; for semi-tropical condi- 
tions. 

Nevermiss. — Originated in Gay, Meriwether County, Georgia, by M. Aubrey 
Owen. Introduced commercially in 1945. Patent no. 692; May 28, 1946; as- 
signed to H. G. Hastings Company. Fruit: muscadine type; color while or 
bronze; sugar content high*; cluster size much better than Scuppernong which 
it most nearly resembles. Vine: production regular; resistant to di.sease. 

New River. — Originated at the Coastal Plains Experiment Station, Willard, 
North Carolina, by the United States Department of Agriculture and the 
North Carolina Department of Agriculture (Charles Dearing). Introduced 
commercially in 1946. Open pollinated seedling of San Jacinto; 1908 seedling. 
Fruit: muscadine type; white; matures early; most nearly resembles Scup- 
pernong. Vine: a pistillate variety. 

November. — Originated in Experiment, Georgia, by the Georgia Agricul- 
tural Experiment Station (H. P, Stuckey). Introduced commercially in 1920. 
Scuppernong x black male muscadine; selected in 1918. Not recommended 
by Muscadine Grape Committee, Southern Section, American Society for 
Horticultural Science. 

Onslow. — ^Originated at the Coastal Plains Experiment Station, Willard, 
North Carolina, by the United States Department of Agriculture and the 
North Carolina Department of Agriculture (Charles Dearing). Introduced 
commercially in 1946. V22 R5 B4 (Scuppernong x male) x Burgaw; cross 
made about 1916. Fruit: muscadine type; black; clusters fair to good; most 
nearly resembles James. Vine: pistillate. 

Orton. — Originated at the Coastal Plains Experiment Station, Willard, 
North Carolina, by the United States Department of Agriculture and the 
North Carolina Department of Agriculture (Charles Dearing). Introduced 
commercially in 1946. Latham x Burgaw; cross made about 1915. Fruit: 
muscadine type; sweeter than Scuppernong which it most nearly resembles. 
Vine: better foliage than Scuppernong; a pistillate variety. 
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Pender. — Originated at the Coastal Plains Experiment Station, Willard, 
North Carolina, by the United States Department of Agricultnre and the 
North Carolina Department of Agriculture (Charles Dearing). Introduced 
commercially in 1946. Latham x V20 R36 B4 []^lgore x V19 R7 B2 (Scup- 
pernong x male)] ; cross made about 1917. Fruit:* muscadine type; white to 
yellowish; apple-flavored. Vine: perfect flowered for pollination purposes; 
most nearly resembles Scuppernong. 

QnaliUa. — Originated in Experiment, Georgia, by the Georgia Agricultural 
Expermient Station (H. P. Stuckey). Introduced commercially in 1920. 
Thomas x black male muscadine; selected in 1918. Not recommended by 
Muscadine Grape Committee, Southern Section, American Society for Horti- 
cultural Science. 

Schuyler. — Originated in Geneva, New York, by the New York State Agri- 
cultural Experiment Station (Richard Wellington and G. D. Oberle). Intro- 
duced commercially September 17,' 1946. Zinfandel x Ontario; selected in 
1932. Fruit: a hybrid which has much of the flavor and flesh characteristics 
of a vinifera grape; resembles Zinfandel more than it does Ontario. Vine: 
appears to be sufficiently hardy and disease resistant to be adapted to the 
climate of the eastern United States. 

Seminole. — Originated in southern Florida by Joseph L. Fennell. Intro- 
duced commercially in 1947. (Fitis shuttleworthii x F. rufotomentosa) x (F, 
candicans x Rommel) ; selected in 1945. Vine : flowers perfect ; vigorous, pro- 
ductive, and disease resistant in semi-tropical climate ; most nearly resembles 
Catawba or Extra. 

Spalding. — Originated at Experiment, Georgia, by the Georgia Agricultural 
Experiment Station (H. P. Stuckey). Introduced commercially in 1920. 
Flowers x white male muscadine; selected in 1918. Not recommended by Mus- 
cadine Grape Committee, Southern Section, American Society for Horticul- 
tural Science. 

Stanford. — Originated at the Coastal Plains Experiment Station, Willard, 
North Carolina, by the United States Department of Agriculture and the 
North Carolina Department of Agriculture (Charles Dearing). Introduced 
commercially in 1946. Open pollinated seedling of San Jacinto ; selected about 
1910, Fruit: muscadine type; white; large. Vine: pistillate; most nearly re- 
sembles Scuppernong. 

Steuben. — Originated in Geneva, New York, by the New York State Agri- 
cultural Experiment Station (Richard Wellington and G. D. Oberle). Intro- 
duced commercially September 17, 1946. Wayne x Sheridan; selected October 
5, 1937. Fruit: sugar content high; quality high; skin tough; keeping quality 
good; berry resembles Wayne; cluster resembles Sheridan; flavor resembles 
Eumelan. Vine : production heavy ; resistant to black rot and downy mildew ; 
winter hardiness. 

Stuckey. — Originated in Experiment, Georgia, by the Georgia Agricultural 
Experiment Station (H. P. Stuckey). Introduced commercially in 1920, Scup- 
pernong X black male muscadine; selected in 1918. Fruit: excellent quality. 
Not recommended by Muscadine Grape Committee, Southern Section, American 
Society for Horticultural Science due to low yields, weak growth, and suscepti- 
bility of foliage to black rot. 

Tarheel. — Originated at the Coastal Plains Experiment Station, Willard, 
North Carolina, by the United States Department of Agriculture and the 
North Carolina Department of Agriculture (Charles Dearing). Introduced 
commercially in 1946, Luola x V36 R15 B4 [Eden x V23 R4 B2 (Eden x 
Munsoniana)] ; selected from a cross made about 1912. Vine: muscadine type; 
variety for use as a pollinator; perfect flowered; self- and cross-fertile; 
most nearly resembles Eden. 

Topsail. — Originated at the North Carolina Plains Experiment Station, 
Willard, North Carolina, by the United States Department of Agriculture and 
the North Carolina Department of Agriculture (Charles Dearing). Intro- 
duced commercially in 1946. Latham x Burgaw; selected from a cross made 
about 1915. Fruit: muscadine type; large and sweeter than Scuppernong 
which it most nearly resembles. Vine: more vigorous than Scuppernong. 
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Va» Btureii.— Originated in Fredonia, New York, by the Vineyard Labora- 
tory of the New York State Agricultural Experiment Station (F. E. Gladwin). 
Introduced commercially in 1935. Fredonia x Worden, Fruit : quality of un- 
fermented juice excellent; table quality good; skin is tender like that of 
Worden which it most nearly resembles in all fruit characters except berry 
siae; susceptible to downy mildew. Vine: vigorous; winte^hardy ; productive; 
very early ripening season. 

Wallace. — Originated at the Coastal Plains Experiment Station, Willard, 
North Carolina, by the United States Department of Agriculture and the 
North Carolina Department of Agriculture (Charles Dearing). Introduced 
commercially in 1946. Selection V26 R5 B4 (Scuppernong x male) x Willard; 
cross made about 1915. Vine: muscadine type; a pollinator variety; perfect 
flowered; self- and cross-fertile; most nearly resembles Scuppernong. 

Watkins. — Originated in Geneva, New York, by the New York State Agri- 
cultural Experiment Station (Richard Wellington). Introduced commercially 
in 1930. Mills x Ontario; first fruited in 1915. Fruit: quality outstanding; 
most nearly resembles Mills in flavor, texture, and quality. Variety no longer 
recommended for planting in New York because of its unreliable productivity 
and lack of hardiness.* 

Wayne. — Originated in Geneva, New York, by the New York State Agri- 
cultural Experiment Station (Richard Wellington). Introduced commercially 
in 1927, Mills x Ontario; first fruited in 1916. Fruit: most nearly resembles 
Mills in flavor, color, texture, and quality; its quality, texture, and flavor 
are more nearly viniferous than most varieties of its period of introduction. 
Variety has been dropped for plantings in New York because of its late 
season, its tendency to shell, and its unreliable productivity. 

Westfield. — Originated in Fredonia, New York, at the Vineyard Laboratory 
of the New York State Agricultural Experiment Station (F. E. Gladwin). In- 
troduced commercially in 1935. Herbert x Concord Seedless. Fruit : labrusca 
type, slipskin; skin blue; pigment content high which was considered valuable 
from the standpoint of use in. blending in the making of wines and unfer- 
mented juices. 

Willard. — Originated at the North Carolina Coastal Plains Experiment 
Station, Willard, North Carolina, by the United States Department of Agri- 
culture and the North Carolina Department of Agriculture (Charles Dearing). 
Introduced commercially in 1946. Stanford x VI 9 R7 B2 (Scuppernong x 
male); selected from a cross made about 1910. Vine: muscadine type; for 
use as a pollinator; perfect-flowered; self- and cross-fertile; most nearly 
resembles Scuppernong. 

Yuga . — Originated in Experiment, Georgia, by the Georgia Agricultural 
Experiment Station p. G. Woodroof). Introduced commercially in 1934. 
Open pollinated seedling of San Monta; selected ia 1932. Fruit: quality ex- 
cellent ; sweet ; thin reddish-bronze skin. For the home vineyard. Not recom- 
mended for commercial plantings by Muscadine Grape Committee due to 
late and uneven ripening. 

Hickory 

Murdock. — Originated in Crown Point, New York, by John Murdock. In- 
troduced commercially about 1940. Parentage unknown; shagbark, probably 
discovered as a chance seedling, about 1936. Nut : quality high. Tree : hardy ; 
bears early. 

Lemon 

Pink-Fleslied {Variegated). — Originated in San Fernando, California, by 
a Mr. Field of Brocton, Massachusetts, and first propagated by A. D. Shamel. 
Introduced commercially in December, 1937. Bud mutation of Eureka; dis- 
covered in 1935. Fruit: flesh and juice pink; rind variegated white, yellow, 
and green. Tree: foliage variegated; flowers pink. A plant novelty. 

Variegated.—Stt Pink-Fleshed. 

Nectarine 

Burbank*s Fussless. — See Flaming Gold. 

Flaming Gold {Fussless, Burbank^s Fussless). — Originated in Sebastopol, 
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California, by Luther Burbank. Introduced commercially in 1928. Trade* 
marked by Stark Brothers Nurseries, Louisiana, Missouri. Parentage un- 
known; selected about 1916. Fruit: flesh yellow; freestone; skin smooth and 
red blushed; ripens before Elberta season. 

Fuzsless. — See FUminj; Gold. 

Ftt 2 zless-Berta.~^riginated in Blacksburg, Virginia, by Frederick W. 
Hof Mann. Introduced commercially in 1942. Patent no. 479; July 22, 1941. 
Parentage unknown, but probably an F» segregate of a cross between peach 
and nectarine. Fruit: flesh yellow; freestone; similar to Elberta except for 
glabrous skin; quality fair. Tree : only moderate vigor; blossoms large, showy, 
light pink. 

Peach 

Davidson (Redleaf, Tennessee Redleaf). — Found growing on a roadside 
in southwest Davidson County, Tennessee, by Joseph C. McDaniel. Intro- 
duced commercially in 1946 by Peach Ridge Farm, Clemson, South Carolina. 
Parentage unknown; discovered and first propagated in 1938. Fruit: flesh 
yellow; freestone; poor edible quality; pits give high germination without 
special treatment, many double kernels ; for use as a rootstock variety. Most 
of the seedlings are red-leafed, vigorous, and well adapted to June or dormant 
budding. 

Elberta Queen. — Originated in Louisiana, Missouri, by Gus Jordan. Intro- 
duced commercially in 1925. Bud mutation of Elberta; discovered in 1902. 
Fruit: flesh yellow; freestone; an Elberta selection that has fruit of a rounder 
shape and is somewhat larger than the parent. 

Elliott Special. — Originated in Modesto, California, by William C. Elliott. 
Introduced commercially about 1940. Patent no. 166; February 18, 1936; un- 
assigned. Open pollinated seedling of Lovell. Fruit: flesh yellow; freestone; 
matures late. 

Frankie. — Originated in Marble Falls, Texas, by Kirk Schroeter. Intro- 
duced commercially in 1938. Thought to be a mutation of Frank ; discovered 
in 1936. Fruit: flesh yellow; freestone; slightly red around the pit. Tree: 
prolific bearer; adapted to mild winter climate. Closely resembles Frank. 

Golden Elberta Cling. — Originated in Fort Smith, Arkansas, by Will R. 
Gaunaway. Introduced commercially in 1925. Trademarked in 1925 by Stark 
Brothers Nurseries, Louisiana, Missouri. Parentage unknown; discovered in 
1911. Fruit: flesh yellow; clingstone; ripens 5 days before Elberta; most 
nearly resembles Early Elberta. 

Halate. — Originated in the test orchard of Stark Brothers Nurseries, Loui- 
siana, Missouri. Introduced commercially in 1937. Parentage unknown; dis- 
covered in 1924. Fruit: flesh yellow; freestone; ripens 2 weeks after Elberta; 
most nearly resembles J. H. Hale. 

Hal-Berta Giant. — ^Originated near Xenia, Clay County, Illinois, by J. E. 
Markham. Introduced commercially in 1932. Patent no. 7; February 16, 1932; 
assigned to Stark Brothers Nurseries, Louisiana, Missouri. Parentage un- 
known; discovered in 1928. Fruit: flesh yellow; freestone; very large; skin 
smooth; matures in J. H. Hale season. Tree: hardy; bears well. 

Hardy-Berta. — Originated near Mount Vernon, Jefferson County, Illinois, 
by Marsh Harpole. Introduced commercially in 1934. Patent no. 271 ; February 
15, 1938; assigned to Stark Brothers Nurseries, Louisiana, Missouri. Parent- 
age unknown; discovered in 1932. Fruit: flesh yellow; freestone; ripens 2 
weeks after Elberta, which it most nearly resembles. 

Illinois K40. — See Prairie Schooner. 

Illinois K43. — See Prairie Rambler. 

Illinois K47. — See Prairie Clipper. 

Illinois K69. — See Prairie Daybreak. 

Illinois K73. — See Prairie Dawn. 

Illinois K74. — See Prairie Sunriae. 

Illinois K80. — See Prairie Rose. 

July Elberta. — Originated in Sebastopol, California, by Luther Burbank. 
Introduced commercially in 1930. Patent no. 15; April 15, 1932; assigned to 
Stark Brothers Nurseries, Louisiana, Missouri. Parentage unknown. Fruit: 
flesh yellow; freestone; highly colored; pit small; ripens before Elberta. 
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July Gold. — Originated in Sebastopol, California, by Luther Burbank. In- 
troduced commercially in 1930. Parentage unknown; selected in 1928, Fruit: 
flesh orange; freestone; no red at pit. Tree: very hardy. 

Meadow Lark. — Originated in Ontario, California, by Walter E. Lammerts. 
Introduced commercially in 1947. Patent no. 528; June 30, 1942; assigned 
to Armstrong Nurseries, Inc., Ontario, California. (Early Imperial x Coolidge 
Double Red) x Socala; selected in 1941. Fruit; superficially most nearly 
resembles Elberta. Tree: sufficiently low chilling requirement to be well 
suited to growing in southern California, being about one grade better than 
Babcock in this respect. 

Missouri. — ^Originated in Mountain Grove, Missouri, by the Missouri State 
Fruit Experiment Station (Paul H. Shepard). Introduced commercially in 
1946. Open-pollinated seedling of Sunbeam; selected in 1942. Fruit: round, 
larger than Sunbeam; flesh yellow, firm, good flavor; red blushed skin, fuzz 
short; clingstone, small pit, ripens 4 to 5 weeks before Elberta. Resembles 
Tuskena in outward appearance. 

Ozark. — Originated in Mountain Grove, Missouri, by the Missouri State 
Fruit Experiment Station (Paul H. Shepard). Introduced commercially in 
1946. Frank x Halehaven; selected in 1943. Fruit: flesh yellow, freestone, 
large, full red skin color, firm, ripens 2 weeks before Elberta. Tree: hardy. 
Fruit most nearly resembles J. H. Hale. 

Prairie Clipper {Illinois K47). — Originated in the Horticultural Farm, 
Olney, Illinois, by the Illinois Agricultural Experiment Station (M. J. 
Dorsey). Introduced commercially in 1946. J. H. Hale x Gage; cross made in 
1933. Fruit : very large, medium yellow with dark red blush, dull appearance ; 
flesh yellow, deeper color at stone, firm J. H. Hale type of flesh; quality 
good, flavor sharp; freestone; ripens 3 days before Elberta. 

Prairie Dawn (Illinois K73) . — Originated in the Horticultural Farm, Olney, 
Illinois, by the Illinois Agricultural Experiment Station (M. J. Dorsey). 
Introduced commercially in 1946. Valiant x Halehaven; cross made in 1937. 
Fruit: medium to large, medium yellow, light red blush, attractive; flesh 
medium yellow, tender, juicy; freestone when fully mature. Ripens 40 days 
before Elberta. Fruit buds hardier than Elberta. 

Prairie Daybreak (Illinois K69). — Originated in the Horticultural Farm, 
Olney, Illinois, by the Illinois Agricultural Experiment Station (M. J. 
Dorsey). Introduced commercially in 1946. Halehaven x Sun Glo; cross made 
in 1937. Fruit: large, oval, medium yellow, dark red blush, dull appearance; 
flesh light yellow, tender, firm, moderately juicy, freestone. Ripens 37 days 
before Elberta. 

Prairie Rambler (Illinois K43). — Originated in the Horticultural Farm, 
Olney, Illinois, by the Illinois Agricultural Experiment Station (M. J, 
Dorsey). Introduced commercially in 1946. Elberta x Gage; cross made in 
1933. Fruit: very large, greenish yellow, light to dark red blush, attractive; 
flesh yellow with some red at stone, firm, juicy, sub-acid, spicy flavor; free- 
stone. Ripens 3 days after Elberta. 

Prairie Rose (Illinois K80). — Originated in the Horticultural Farm, Olney, 
Illinois, by the Illinois Agricultural Experiment Station (M. J. Dorsey). 
Introduced commercially in 1946. Gage x Halehaven; cross made in 1937. 
Fruit: medium to large, round, medium yellow, blushed and splashed with 
dark red, very attractive; flesh, medium yellow with occasional trace of red 
through flesh and at stone, medium firm, juicy; freestone. Ripens 25 days 
before Elberta. 

Prairie Schooner (Illinois K40). — Originated in the Horticultural Farm, 
Olney, Illinois, by the Illinois Agricultural Experiment Station (M. J. 
Dorsey). Introduced commercially in 1946. Elberta x South Haven; cross 
made in 1933. Fruit: large, oval, light yellow, light red blush; flesh light 
yellow, lighter color at stone, tender, juicy; semi-cling until fully mature; 
ripens 21 days before Elberta. Inclined to overset. 

Prairie Sunrise (Illinois ^74). — Originated in the Horticultural Farm, 
Olney, Illinois, by the Illinois Agricultural Experiment Station (M. J. 
Dorsey). Introduced commercially in 1946. Valiant x Halehaven; cross 
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made in 1937. Fruit: large, round, medium yellow, dark red blusk, attractive; 
flesh medium yellow, tender, juicy; semi-cling until fully mature^ Ripens 
37 days before Elberta. 

Redleaf, — See Bavidson. 

Socala. — Originated in Ontario, Galifornia, by Mrs. C C. Barnes. Intro^ 
duced commercially about 1942. Parentage unknown; discovered about 1935. 
Fruit: matures earlier than July Elberta, which it most nearly resembles, in 
southern California. Tree: requires less winter chilling than other varieties 
of the July Elberta type and season. 

Southland. — Originated in Fort Valley, Georgia, by the United States De- 
partment of Agriculture (J. H. Weinberger). Introduced commercially July 
15, 1946. Halehaven x self; selected in June, 1939. Fruit: flesh yellow; free- 
stone; large; ripens with Hiley; firmer, slower softening flesh and more 
attractive color than Halehaven which it most nearly resembles. 

Starks Sure Crop. — Originated in Ash Grove, Missouri, by John W. Nichol- 
son. Introduced commercially in 1946, Patent no. 670; January 15, 1946; as- 
signed to Stark Brothers Nurseries, Louisiana, Missouri. Open pollinated 
seedling of Greensboro. Fruit: flesh white; clingstone; matures very early. 
Tree: hardy; regular cropper under adverse conditions. 

Tennessee Redleaf. — See Davidson. 

Texaberta. — Originated in Belton, Texas, by E. E. Griffith. Introduced com- 
mercially in 1938. Parentage unknown; discovered in 1936. Fruit: flesh yel- 
low; freestone; slightly red around the pit; most nearly resembles Elberta. 
Tree: requires less chilling than Elberta. 

Wahibert — Originated in Clarkston, Washington, by Albert W. Wahl. 
Introduced commercially in 1942. Patent no. 520 ; May 26, 1942 ; assigned to 
H. Lynn Tuttle, Clarkston, Washington. Parentage unknown; first observed 
in 1918 and propagated in 1935. Fruit: flesh yellow; freestone; firm; handles 
and ships well; matures two weeks earlier than J. H. Hale which it most 
nearly resembles. 

World’s Earliestr-Originated in Moscow, Tennessee by E. L. Morris. 
Introduced commercially in 1936. Trademarked by Stark Brothers Nurseries, 
Louisiana, Missouri. Parentage unknown; discovered in 1933. Fruit: flesh 
white ; clingstone ; ripens early ; most nearly resembles Red Bird. 

Pear 

Richard Peters. — Originated in State College, Pennsylvania, by the Penn- 
sylvania Chain Store Council (E. L. Nixon). Introduced commercially in 
1927. Probably an open pollinated seedling of Kieffer; selected in 1924. Fruit: 
most nearly resembles Bartlett. Tree: practically immune to fire blight; 
vigorous grower. 

Pecan 

John Garner. — Originated in San Saba, Texas, by E. E. Risen. Introduced 
commercially in 1934. San Saba Improved x Onliwon; selected in 1933. 
Nut : shell thin ; large ; attractive appearance ; most nearly resembles Burkett. 
Tree : vigorous ; prolific bearer. 

Select. — Originated in Riverside, California, by Robert Halsey Harris. 
Introduced commercially in 1943. Patent no. 510; March 28, 1942; assig^ned 
to Lawrence Sherwood, Sherwood Specialty Nursery, Fullerton, California. 
Open pollinated seedling of Altman, Nut: shell thin; fills well; large; ma- 
tures in early fall. Tree: exceptionally heavy bearer; starts bearing at an 
early age; vigorous grower; wide climatic adaptability. 

Plum 

Algoma (0-302 ). — Originated in Ottawa, Ontario, Canada, by the Division 
of Horticulture, Central Ej^rimental Farm. Introduced for trial in 1937. 
Sand cherry (Prunus besseyi) x Burbank; selected in 1935. Fruif : good size 
and quality for a plum of this type? intermediate between the sand cherry 
and the plum. Tree: extremely hardy; bushy habit; early bearing. 

Hollywood. — Originated in Modesto, California, by L. L. Brooks. Intro* 
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duced commorcUlly in 1936. Prums pissardi x P. salicma (direction of cross 
tmktiown); discovered about 1932; first commercially propagated by Ralph 
S. Moore, Visalia, California. Frujt: flesh red, like a giant cherry; ripens 
early, in Beauty season; used'for jelly and canning; most nearly resembles 
Satsuma. Tree : most nearly resembles Prunus pissardi 

Howard Miracle.— Originated in Montebello, California, by Frederick H. 
Howard. Introduced commercially in 1947. Patent no. 721 ; December 31, 1946; 
assigned to Howard and Smith, Montebello, California. Parentage unknown ; 
discovered about 1941. Fruit: Japanese type; large, flesh firm; matures late 
in August in the vicinity of Montebello; flavor very good and distinctive; 
ships well. Tree; needs cross-pollination. 

Monitor.— Originated in Excelsior, Minnesota, by the Minnesota Agricul- 
tural Experiment Station (W. H, Alderman). Introduced commercially in 
1920. Burbank x a native American plum ; first fruited in 1918. Fruit : medium 
to large; roundish-ovate; dull bronze-red; quality good; clingstone; cracks 
in rainy weather. Tree: vigorous; very hardy; productive. 

0^302 , — See Algoma. 


Raspberry 

Dike. — Originated in Bristol, Vermont, by A. C. Dike. Introduced com- 
mercially about 1926. Latham x Cuthbert. Fruit: red; color good; quality 
good. Bush: hardy, resistant to mosaic. 

Dixie. — Originated in Raleigh, North Carolina, by the North Carolina 
Agricultural Experiment Station (Carlos F. Williams). Introduced com- 
mercially in 1938. Rubus biflorus x Latham; selected from a cross made in 
1928. Fruit: red; size medium; tart. Bush: vigorous, productive; disease 
resistant; adapted to southeastern states south of the region of American 
red raspberries thus far produced; most nearly resembles a hybrid with 
Asiatic species. 

Durham. — Originated in Durham, New Hampshire, by the New Hampshire 
Agricultural Experiment Station (A. F. Yeager). Introduced commercially 
in 1947. Taylor x Nectar blackberry; cross attempted in greenhouse but the 
seedling is probably a parthenogenetic seed therefrom; selected in 1944. 
Fruit; red; firm, medium size; fall bearing, beginning to ripen 2 weeks before 
the fall crop of Indian Summer, hence a worthwhile crop in autumn. 

Hone^sweet (of New Jersey), — See Yellow Honeysweet 

Morris . — See Morrison. 

Morrison (Morris ). — Originated in North Kingsville, Ohio, by Fred Morris. 
Introduced commercially m 1942. Parentage unknown; discovered about 
1925. Fruit: black; large; attractive; season late; most nearly resembles 
Cumberland. 

Ruddy.— Originated in Fargo, North Dakota, by the North Dakota Agri- 
cultural Experiment Station (A. F. Yeager). Introduced commercially in 
1937. Selected Fs seedling (Plum Farmer x Latham) ; selected in 1933. Fruit: 
purple. Bush : produces well ; reproduces by suckers as do the red varieties ; 
resistant to red spider; very hardy. 

Sunrise. — Originated in Glenn Dale, Maryland, by the United States De- 
partment of Agriculture (George M. Darrow). Introduced commercially in 
1939. Latham x Ranere; selected in 1923. Fruit’ red; matures very early, 2 
days before Ranere and nearly 2 weeks before Latham; quality better than 
Latham; size inte. mediate between Ranere and Latham; texture fine; 
does not crumble ; picks easily. Bush ; resistant to leaf spot and anthracnose , 
very hardy. 

Yellow Honeysweet [Honeysweet (of New Jersey)].— An unidentified 
French variety introduced into the United States about 1925 by Bobbink and 
Atkins, East Rutherford, New Jersey. Fruit: golden yellow color; flavor 
good. 

Strawberry 

Borden. — Originated in Ottawa, Ontario, Canada, by the Division of 
Horticulture, (Sntral Experimental Farm. Introduced for trial in 1936. (Nor 
J X Parsons Beauty) x (Fragaria sp. x Jessie); selected in 1934. Plant; very 
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productive; light runnering; subject to drought Variety grown only to a 
limited extent. 

Burgundy (Minnesota No, 1192), — Originated in Excelsior, Minnesota, by 
the Minnesota Agricultural Experiment Statibn (A. N. Wilcox). Introduced 
commercially in 1943. Easypicker x Duluth; selected in 1929. Fruit: late; 
large; regular; somewhat pubescent; roundish cordate; dark red, evenlv 
colored; rather glossy; achenes medium few and raised; flesh very dark red, 
firm, and meaty; flavor aromatic and subacid; quality very good. Plant: 
hardy, vigorous, upstanding; very productive; June-bearing; flowers late 
and pistillate, being 2 weeks later than Howard 17. , . 

ClaribeL — Originated in Ottawa, Ontario, Canada, by the Division of Horti- 
culture, Central Experimental Farm. Introduced for trial in 1935. Ettersburg 
121 X Cassandra; selected in 1933. Fruit: very firm fleshed; short fruit stalks; 
season very late ; quality poor. Plant : imperfect flowers. Variety grown only 
to a limited extent. 

Fairpeake. — Originated in Glenn Dale, Maryland, by the United States 
Department of Agriculture (George F. Waldo). Introduced commercially 
in 1944. Chesapeake x Fairfax; selected in 1933. Fruit: highly flavored; firm; 
matures very late. Plant: productive; very vigorous. 

Howe. — Originated in Ottawa, Ontario, Canada, by the Division of Horti- 
culture, Central Experimental Farm. Introduced for trial in 1936. (Red Sugar 
X Howard 17) x (Willard x Santiago de Chile) ; selected in 1934. Fruit : 
large; appearance attractive; frequently rough. Plant: imperfect flowers. 
Variety grown only to a limited extent. 

Jim. — Originated in Ottawa, Ontario, Canada, by the Division of Horti- 
culture, Central Experimental Farm. Introduced for trial in 1932. Open 
pollinated seedling of Willard; selected in 1931. Fruit: large; season early; 
too pale in color; soft fleshed. Variety grown only to a limited extent. 

John. — Originated in Ottawa, Ontario, Canada, by the Division of Horti- 
culture, Central Experimental Farm. Introduced for trial in 1933. Open polli- 
nated seedling of Willard; selected in 1931. Fruit: fairly attractive and pro- 
ductive. Variety grown only to a limited extent, giving way to better ones. 

Midland. — Originated in Glenn Dale, Maryland, by the United States De- 
partment of Agriculture (George F. Waldo and (ieorgc M. Darrow). Intro- 
duced commercially in 1944. Howard 17 x Redheart; selected in 1931. Fruit: 
large, firm, high flavor; matures early. Plant: productive. 

Minnesota No. 1192.— Stt Bungundy. 

Simcoe. — Originated in Ottawa, Ontario, Canada, by the Division of Horti- 
culture, Central Experimental Farm. Introduced for trial in 1936. (Red Sugar 
X Howard 17) x (Delecto x Cassandra) ; selected in 1934. Fruit: large; at- 
tractive; loses size after two or three pickings. Plant: imperfect flowered. 
Variety grown only to a limited extent. 

Wright. — Originated in Ottawa, Ontario, Canada, by the Division of Horti- 
culture, Central Experimental Farm. Introduced for trial in 1936. (Portia x 
Ettersburg 512) x (Santiago de Chile x self); selected in 1934. Fruit: large; 
sugar content high; flavor flat. Plant: foliage leathery and thick; production 
poor. Variety grown only to a limited extent. 

Walnut 

Grande. — Originated in Mesilla Park, New Mexico, by the New Mexico 
Agricultural Experiment Station (Fabian Garcia). Introduced commercially 
in 1932. Open pollinated seedling of Franquette; selected in 19^. Nut: quality 
fine; most nearly resembles Mayette; Persian type. Tree: prolific bearer. 

White Sapote 

Flournoy. — Originated on the Flournoy ranch, El Cajon, California, by 
James H. Maepherson. Introduced commercially in 1930. Open pollinated 
seedling of Wilson; selected in 1928. Fruit: quality fine; most nearly resem- 
bles Wilson. Tree: bears heavily; hardy. 
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Patent 

Number Varietal Name 
7 Hal-Berta Giant, peach 
15 July Elberta, peach 
39 Kostnos, blackberry 
164 August Supreme, cherry 
166 Elliott Special, peach 
247 Olympic, blackberry 
271 Hardy-Berta, peach 
479 Fuzzless-Berta, nectarine 
510 Select, pecan 
520 Wahlbert, peach 
528 Meadow Lark, peach 
630 Bowers, apricot 


Patent 

Number Varietal Name 
659 Etter's Gold, apple 
670 Starks Sure Crop, peach 
674 Earle Orange, apricot 

692 Nevermiss, grape 

693 Reeves, apricot 
699 Alaska, apple 
710 Jonwin, apple 

720 Redgold, apple 

721 Howard Miracle, plum 

722 Frostproof, apple 

723 Pink Pearl, apple 


ALPHABETICAL LIST OP VARIETY NAMES 
INCLUDED IN LIST NO. 3 


Abundance, chestnut 
Alaska, apple 
Algoma, plum 
Atha, apple 

August Supreme, cherry 
Bays, cherimoya 
Big-Ness, blackberry 
Borden, strawberry 
Bowers, apricot 
Burbank’s Fuzzless, nectarine 

See Flaming Gold 
Burgundy, strawberry 
Brownie, grape 
Burgaw, grape 
Cameron, blackberry 
Cape Fear, grape 
Cardinal, grape 
Claribel, strawberry 
Connecticut Yankee, chestnut. 

See Yankee 
Creek, grape 
Creswell, grape 
Dark-Red Staymared, apple 
Davidson, peach 
Dawn, grape 
Delight, grape 
Dike, raspberry 
Dixie, raspberry 
Dr. White, cherimoya. 

See White 
Dulcet, .grape 
Duplin, grape 
Durham, raspberry 
Earle Orange, apricot 
Earli-Ness, blackberry 
Ebony, cherry 
Elberta Queen, peach 
Elliott Special, peach 
Ettcr’s Gold, apple 
Fairpeake, strawberry 
Fitzgerald, filbert 
Fireside, apple 


Flaming Gold, nectarine 
Flournoy, white sapote 
Frankie, peach 
Frostproof, apple 
Fuzzless-Berta, nectarine 
Fuzzless, nectarine 
See Flaming Gold 
Golden Elberta Cling, peach 
Grande, walnut 
Hardy-Berta, peach 
Hal-Bcrta Giant, peach 
Halate, peach 
Hanover, grape 

Honeysweet (of New Jersey), rasp- 
berry. See Yellow Honeysweet 
Hollandische Rote, currant. 

See Viking 
Hollywood, plum 
Howard, grape 
Howard Miracle, plum 
Howe, strawberry 
Hunt, grape 
Idagold, apple 
Illinois K40, peach. 

See Prairie Schooner 
Illinois K43, peach. 

See Prairie Rambler 
Illinois K47, peach. 

See Prairie Clipper 
Illinois K69, peach. 

See Prairie Daybreak 
Illinois K73, peach. 

See Prairie Dawn 
Illinois K74,^ peach. 

See Prairie Sunrise 
Illinois K80, peach. 

See Prairie Rose 
Interlaken Seedless, grape 
Irene, grape 
Italia, grape 
Jim, strawberry 
John, strawberry 
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John Garner, pecan 
Jonwin, apple 
July Elberta, peach 
July Gold, peach 
Kilgore, grape 

Kosmo, blackberry. See Kosmos 
Kosmos, blackberry 
Lamida, cherry 
Lizakowsky, apple, 

See Saint Clair 
Lucida, grape 
Margaret Pratt, apple 
Meadow Lark, peach 
Melton, grape 
Midland, strawberry 
Minnesota No. 396, apple. 

See Victory 

Minnesota No, 993, apple. 

See Fireside 

Minnesota No. 1192, strawberry. 

See Burgundy 
Missouri, peach 
Monitor, plum 
Morris, raspberry. 

See Morrison 
Morrison, grape 
Morrison, raspberry 
Murdock, hickory 
Myakka, grape 
Nevermiss, grape 
New River, grape 
November, grape 
0-302, plum. See Algoma 
Olympic, blackberry 
Onslow, grape 
Orton, grape 
Ozark, peach 
Payette, apple 
Pender, grape 
Phelps, apricot 
Pink- Fleshed, lemon 
Pink Pearl, apple 
Pixwell, gooseberry 
Prairie Clipper, peach 
Prairie Dawn, peach 
Prairie Daybreak, peach 
Prairie Rambler, peach 
Prairie Rose, peach 
Prairie Schooner, peach 
Prairie Sunrise, peach 
Qualitas, p:rape 
Red Delicious, apple. 

See Redwin 
Redgold, apple 
Red Gravenstein, apple 
Red Hackworth, apple 
Red Lake, currant 
Redleaf, peach. See Davidson 
Redwin, apple 


Reeves, apricot 
Regal- Ness, blackberry 
Richard Peters, pear 
R0d Hollandsk Druerips, currants 

Sec Viking 

Rome Beauty Double Red, apple 
Ruddy, raspberry 
Saint Clair, apple. 

Sallmon, cherimoya 
Santa Fe, carob 
Schuyler, grape 
Select, pecan 
Seminole, grape 
Simcoe, strawberry 
Socala, peach 
Southland, peach 
Spalding, cherry 
Spaulding, grape 
Sphinx, date 
Stanford, grape 
Starks Sure Crop, poach 
Steuben, grape 
Stoke, chestnut 
Stoke Hybrid, chestnut. 

See Stoke 
Stuckey, grape 
SunrisCj raspberry 
Tarheel, grape 
Tennessee Redleaf, peach. 

See Davidson 
Texaberta, peach 
Texas R40-4, blackberry. 

See Earli-Ness 
Texas R40-51, blackberry. 

See Big-Ness 

Texas R40-202, blackberry. 

See Regal-Ness 
Topsail, grape 
Van Buren, grape 
Variegated, lemon. 

See Pink-Fleshed 
Victory, apple 
Viking, currant 
Wahlbert, peach 
Wallace, grape 
Watkins, grape 
Wayne, grape 

Wealthy Double Red, apple 
Westfield, grape 
White, cherimoya 
Willard, grape 

Willow Twig Double Red, apple 

World's Earliest, peach 

Wright, strawberry 

Yankee, chestnut 

Yellow Honey sweet, raspberry 

Yuga, grape 

Zimmerman, chestnut 



Researdb am Problems of ^Tuiig Production 
and Improvement, 1938-1946 
(Presidential Address) 

By George F. Potter, U. S, Department of Agriculture, 
Bogalusa, La, 

A leurites iordii, the species of tung that is grown commercially in 
. the United States, is indigenous to eastern Asia. The oil ex- 
pressed from its seeds has been used by the Chinese for many cen- 
turies as an illuminant and for waterproofing. The culture of tung in 
the United States is a relatively new industry, tracing its origin to 
seeds imported from China by the Division of Plant Exploration and 
Introduction of the Bureau of Plant Industry, Soils, and Agricultural 
Engineering,^ United States Department of Agriculture, beginning in 
1904. The seeds were first planted in California, but it was in the acid 
soils of the well-watered coastal plain of the southeastern United 
States that the alien tree was found to thrive. A tree planted near 
Tallahassee, Florida, in November, 1906, by the late William H. 
Raynes, bore about 3 bushels of fruit in 1913, from which the first 2.2 
gallons of American tung oil was expressed. American manufacturers 
were importing large quantities of this valuable drying oil for various 
industrial purposes, and members of the National Paint, Varnish, and 
Lacquer Association became interested in the possibility of obtaining 
a domestic supply. One manufacturer planted an extensive tung or- 
chard and in 1928 built the first plant ever to process tung fruits with 
modern machinery. On March 17, 1932, the first tank car of domestic 
tung oil rolled to market from Gainesville, Florida. 

Thousands of acres of cheap cut-over lands were available for plant- 
ing and the culture of this exotic tree seemed to fire the imagination 
of persons in all walks of life — lumbermen, doctors, lawyers, school 
teachers, railroad men, dog-biscuit manufacturers, college students, 
and now and then some one possessed of a real horticultural back- 
ground. By 1938 no less than 150,000 acres of tung orchard had been 
planted in an area extending from northern Florida and southern 
Georgia, across southern Alabama, Mississippi, and Louisiana, to 
southeastern Texas; and perhaps 1J4 million pounds of oil were 
processed from the crop that year. It was an extensive development, 
considering the paucity of information on tung culture. 

During the early years of the growth of the industry, the State 
agricultural experiment stations of the southeastern United States had 
devoted what funds they could spare to research on its problems. As 
early as 1924 Newell (37) published a report on experiments with 
tung qil at the Florida Agricultural Experiment Station. Early in the 
history of tung growing in Florida, a disorder, known as bronzing, 
threatened to destroy the orchards and it was only through the work 
of Mowry and Camp (35), who showed the trouble to be a deficiency 
of zinc, that the newborn industry survived. Reuther and Dickey (46) 
found another less serious trouble to be manganese deficiency, and 

The writer is indebted to Dr. H. L. Crane and other members of the staff of 
Tung investigations for reviewing the manuscript, and to Paul Homeyer and 
Churchill Einsenhart who have verified statements concerning biometry. 
^Current bureau and division names are used throughout this paper. 
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more recently Dickey (7) has diagnosed a chlorosis due to iron 
deficiency and prescribed corrective measures. Abbott (1) made a 
fundamental study of blossom bud differentiation in tung and in 1930 
a comprehensive publication on tung culture was published by Newell 
et al (38). In Georgia, Pickett ana Brown (41) studied oil content 
of tung fruits and in Louisiana, Kimbrough and Miller (25) con- 
ducted very valuable studies on the fertilizer requirements of the tung 
tree. The experiment stations in most of the southeastern States issued 
circulars for the guidance of prospective tung growers. Mowry (34) 
and Blackmon (5) have reviewed the role of the experiment stations 
in the early development of the tung oil industry. 

However, by 1938 tung growers realized that many costly mistakes 
were being made and that there was an immediate need of extensive 
investigational work on the requirements of the tung tree. In that year 
Congress first appropriated funds for research on tung to the United 
States Department of Agriculture. By agreement within the Depart- 
ment, the Bureau of Agricultural and Industrial Chemistry was given 
responsibility for problems having to do with processing of the crop 
and utilization of the products ; the Bureau of Plant Industry, Soils, 
and Agricultural Engineering undertook, through its Division of 
Fruit and Vegetable Crops and Diseases, to investigate problems of 
production practices, breeding, and diseases. The work was placed 
under the direction of H, L. Crane, Project Leader for Nuf Investi- 
gations, and of the late H. P. Gould, Division Chief, who was suc- 
ceeded by J. R. Magness. The appropriations available have made it 
possible for the United States Department of Agriculture to play a 
major part in tung investigations since 1938, but the work of the 
State experiment stations has by no means been replaced. Rather, 
since 1938 all agencies have collaborated freely and many investiga- 
tions have been conducted cooperatively, as in Florida. In Mississippi 
an experimental tung farm has been operated jointly. 

To conduct the work in the Bureau of Plant Industry, Soils, and 
Agricultural Engineering a staff was recruited capable of focusing the 
techniques of several basic sciences on the problems of tung growing, 
including men trained in pomology, plant physiology, biochemistry, 
microscopy, soil technology, plant pathology, and genetics and plant 
breeding. Since 1941 war and economic factors have played havoc 
with the organization, yet today all the disciplines listed above with 
the single exception of microscopy are still represented on the staff. 
If cooperation can be fostered among the members of such a group, 
progress in research will far exceed the best possible through indi- 
vidual effort. 

The men are stationed at four field laboratories located in the tung- 
growing centers of the South, and at Beltsville, Maryland, where 
fundamental studies of nutrition are conducted in the greenhouse. 
The organization is unique in that all of the work at the field labora- 
tories is cooperative, either with the State experiment stations or with 
private tung growers. The Government does not own a single acre 
of tung orchard. This arrangement is not without disadvantages. Co- 
operators are handpicked, yet sometimes the crop on an experimental 
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plot is gathered before records have been made, and in a few instances 
a whole experimental set up has been lost through carelessness or 
neglect on the part of a grower-cooperator. The distance from the 
laboratory to the cooperator's plantation, is often 40, sometimes SO 
or 60 miles. Staff members spend much time traveling back and forth, 
and the maintenance of automotive equipment is a considerable item 
of expense. On the other hand tremendous saving is effected in cost of 
maintaining experimental farms, and as a net result funds seem to go 
farther. Breeding plots alone at one of the laboratories comprise near- 
ly 1,000 acres of orchard, far more than could have been financed on 
government appropriations. Of more importance is the stimulus of 
intimate day by day contact of our field men with the operators of 
commercial tung farms. There is no danger of becoming academic. or 
of failing to take cognizance of the problems of the industry. 

Yet perhaps the greatest advantage lies in the wide distribution of 
field experiments. In formulating recommendations from the results of 
experiments, horticulturists and workers in allied fields are prone to 
take it for granted that their plots constitute a representative random 
sample from the territory to which the conclusions are to be extended. 
Such an assumption is often unwarranted, when all the data are 
derived from plots on a single farm. In contrast, in a 3-year study now 
being completed on the mineral requirements of tung trees during 
their first season in the orchard, plots have been used on eleven differ- 
ent farms in two Louisiana parishes, and one Mississippi county, an 
area within which more than 40 per cent of the tung orchards of the 
United States are located. Rather complete coverage of the tung- 
producing regions is had from the four laboratories, located respec- 
tively in northeastern Florida, in southern Georgia, southern Ala- 
bama, and in eastern Louisiana, close to the Pearl River boundary. 
Variety trials, for example, are conducted on two to five farms in the 
vicinity of each laboratory. The integration of results from such wide- 
spread trials leads to a confidence in the conclusions that could not 
ensue from experiments conducted on a less representative basis. 

It was the desire of Dr. E. C. Auchter, Chief of the Bureau of Plant 
Industry, Soils, and Agricultural Engineering in 1938, that tung 
investigations should not only serve the industry and to that end pro- 
vide answers to the immediate practical problems of the grower, but 
that it should also carry on fundamental studies that would add to 
scientific knowledge and ultimately provide a foundation for a' thor- 
ough understanding of the physiology of tung. In spite of the many 
difficulties incident to World War II, most of Dr. Auchter's require- 
ments are being fulfilled. The more than one hundred publications 
that have been issued or are in preparation include, among those deal- 
ing with the more immediate practical problems, such topics as soils 
(8) ; stratification and germination of seed (51), nursery fertilization 
(32), budding of tung seedlings (31), transplanting (21), pruning 
and training (39), soil management and cover crops (43), effects of 
cultivation (22, 43), effects of mulch (40), nitrogen fertilizer effects 
(S3), effects of fertilizers on oil content of tung fruit (4,. 42), various 
mineral deficiencies (11, 12, 13), cold injury (15, 16), harvesting and 
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Storage (17), tung diseases (24, 26), and one general publication on 
tung culture (20). Many of these, while classed as being of immediate 
practical value, are the end result of rather technical research. Fur- 
ther evidence that technical and fundamental research has not been 
neglected is afforded by papers^ dealing with chemical methods (9, 
23), with chemical compOvSition of developing tung fruits (49), With 
the isolation and identification of chemical constituents of the tree and 
its fruit (47, 48), with physical and chemical properties of tung soils 
(14), with leaf composition (10), with physiological effects of de- 
ficiencies (18), with the effects of various hormones on dormancy in 
tung buds (SO), with photosynthesis (27), 45), with the morphology 
and embryology of tung fruit (28, 29), and with nutrient balance con- 
cept in plant nutrition (52). It is neither feasible nor desirable at this 
time to give a complete review of the progress made in these 8 years 
of research on tung. It seems better to summarize a few of the most 
important results using them mainly to illustrate the methods that 
have proved most effective in solving tung problems. 

One of the outstanding needs of the industry is for improved varie- 
ties of tung trees. Commercial tung orchards of the South consist 
almost exclusively of seedling trees, which, as Mowry (33) was first 
to point out, are exceedingly variable. It is evident to the most casual 
observer that yields would he greatly increased if all trees were uni- 
formly high in production. Mass selection had been practiced by some 
of the better growers prior to 1938, and at the Florida Experiment 
Station, two trees, the Florida 2 and the Florida 9, had been propa- 
gated by budding, and seedlings of both of them had been grown from 
open-pollinated seed. The resources of the Department of Agriculture 
permitted undertaking a simple, but rather extensive program of selec- 
tion and breeding. During 1938 and 1939, 604 individual trees out- 
standing for high, regular production, for fruit of large size and high 
oil content, and for cold resistance and other desirable characteristics 
of the tree were selected in bearing orchards in the six tung-producing 
states, and their distinctive features were catalogued. Those judged 
most promising were propagated by budding, as a means of per- 
petuating the type. 

In 1938 propagation of tung by budding was considered impractical 
by most growers and some experiment station authorities. Experience 
quickly demonstrated that cold injury was a major factor in the fail- 
ures. This trouble was eliminated by budding in late summer when 
neither budsticks nor rootstocks had ever been exposed to cold and 
by banking the buds with earth in early fall to protect against low 
temperatures in the succeeding winter. Merrill (31) found that 
vigorous growth of the rootstock is also essential and good stands of 
excellent trees are now obtained readily with almost any budding 
technique. In general the budding trees have done well in the orchard, 
although they are more difficult to transplant than seedlings and on 
some rather dry sandy soils seem subject to physiological troubles 
from which seedlings are free. Recent evidence suggests that the root- 
stock may be of great importance in this connection. For example the 
average magnesium content, dry basis, of the leaves of six varieties of 



t»OTTE» r RESEARCH IN TUNG 


447 


tunp^ trees was 0.20 per cent when budded on seedling rootstock 
designated F5S1 and was 0.32 per cent when budded on seedling 
rootstock designated G-40, a difference that has statistical signifi- 
cance at the 0.001 level. Records of production up to 5 or 6 years of 
age in numerous trial orchards would warrant the use of budded trees 
in most tung producing areas in preference to the rather heterogenous 
seedlings found in present bearing orchards. 

However, in addition to budding, progenies from open-pollinated 
seed of each of the 604 selected trees were planted out in extensive 
trial orchards and, as has been reported by Angelo (2), a few out- 
standing seedling progenies have been found among the hundreds 
tested. The vast majority of seed parents give evidence of a heterozy- 
gous genetic constitution by producing exceedingly variable offspring 
even from controlled selfed seed. Yet a certain few seed parents pro- 
duce remarkably uniform progenies from open-pollinated seed. Thus 
25 trees from open-pollinated seed of the tree A-'36 chanced to be 
planted at Folsom, Louisiana, alongside a row of budded trees of the 
variety M-1. Judged by tree type, crop production, and characteristics 
of the fruit, the seedling trees of A-36 are as uniform and true to their 
own type as are the budded trees of M-1. Two trees, designated L-46 
and L-47, which stand so close together in the orchard that if cross- 
pollinated much the same pollen must be carried to both, produce two 
distinctive and rather uniform progenies from open-pollinated seed. 
Third generation trees from a so-called ‘^McKee'^ tree in Folsom, 
Louisiana, to which attention was first directed by Gaston Lanaux, a 
private grower, constitute one of the most uniform orchards that the 
writer has ever seen. Some geneticists who have seen these trees and 
others to whom the results have been described think it probable that 
some form of apomixis takes place in these instances. It has not been 
possible to investigate this problem cytologically, but controlled 
crosses have been made that soon will determine whether any charac- 
teristics of the pollen parent appear in the offspring. 

The only plausible explanation for the uniformity of the seedlings 
from certain parent trees, other than some form of apomixis, is that 
such trees arc relatively homozygous and self-pollinated. With rare 
exceptions the tung tree is monoecious, and produces pistillate and 
staminate flowers in the same inflorescence. On the vast majority of 
trees the staminate flowers outnumber the pistillate by about 40 to 1. 
Dichogamy is unknown in tung; and in a relatively extensive pro- 
gram of controlled pollination work no instances of self-incompatibility 
have been found Hence the possibility exists that sufficient self- 
pollination takes place to produce occasional individuals of rather 
homozygous genetic constitution. 

Many growers are planting “second generation” seed from seedling 
selections such as the L-46 and Lr-47, which they procure from the 
grower-cooperators who own the trial orchards. More than 500,000 of 
these seedlings will be planted in commercial tung orchards during 
the early months of 1947 If these seedling selections are truly par- 
thenogenetic, they will continue to give uniform offspring indefinitely ; 
but if the genetic constitution which gives superiority to these seed 
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parents is changed through a process of fertilization, ‘‘second genera- 
tion'* seedling trees may be expected to be variable and certain of them 
to be inferior to the original parent. However, since we know that the 
vast majority of tung trees fail to transmit their characteristics uni- 
formly to their offspring, even such “second generation” s^ed pro- 
duced by relatively uniform seedling progenies would doubtless be 
preferable to seed from trees that have not been subjected to “progeny 
tests”. 

Critical evidence as to the relative merits of the best seedling 
progenies and of budded clones is lacking. Since the meritorious seed- 
ling progenies were not discovered until 1942 or later, test orchards 
in which the most promising clones are compared with outstanding 
seedling progenies have not yet come into bearing. In view of the fact 
that the use of budded stock would involve some additional invest- 
ment, it seems wise to await more evidence before making definite 
recommendations. Whichever ultimately proves the better, the indus- 
try is already assured of trees that are much more uniformly produc- 
tive and that bear fruit of considerably better oil content than the trees 
in present bearing orchards. 

These results have been accomplished by means of a very simple 
but extensive program of selection and testing. From a long-term 
point of view, many new clones are being tested and controlled pol- 
linations are being made in an attempt by crossing to combine desir- 
able characters of different trees and by imbreeding to isolate geno- 
types that may later be worthy of recombination. However, such work 
will require many years to reach fruition. 

From time to time during the last 8 years, what might be termed 
critical nutritional disturbances have occurred in tung orchards in one 
district or another. For example, in July and August of 1941 a serious 
disorder characterized by interveinal chlorosis and necrosis of the 
leaves with resultant premature defoliation and low oil content of 
fruit, occurred in many tung orchards in southern Georgia, north- 
western Florida, and southern Alabama. Opinions as to the cause, 
ranging from excess water to deficiency of one or more nutrient ele- 
ments, were expressed by experienced growers and professional per- 
sonnel. Drosdoff and Painter (13) analyzed leaves from the affected 
trees and found them low in potassium and high in magnesium con- 
tent, as compared with leaves from trees that did not exhibit the 
symptoms. The diagnosis was confirmed by field plot trials conducted 
in 1942. Fertilizer formulas for orchard use were adjusted according- 
ly and the trouble has now practically disappeared from orchards of 
well-informed tung growers. In a similar manner deficiencies of cop- 
per and of magnesium .occurring in certain areas of north central 
Florida, were diagnosed and corrective measures worked out jointly 
by members of the staffs of the Bureau of Plant Industry, Soils, and 
Agricultural Engineering and of the Florida Experiment Station 
( 11 , 12 ). 

Leaf analysis proved to be such an effective tool that since 1941 it 
has been used extensively in much of the experimental work, both in 
the field and in the greenhouse. It seems difficult to standardize soil 
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tests for use with tree crops but leaf analysis supplies the critical in- 
formation on what the tree itself has been able to take from the soil. 
As Shear, Crane, and Myers (52) have suggested, it provides a useful 
means for correlating results at different locations in the field with 
the results of carefully controlled sand culture experiments. To date 
its greatest service has been in identifying elements that are in or 
near the deficiency range. 

In tung investigations, as in most other similar spheres of agricul- 
tural experimentation, field plot trials play an important part. The 
field plot is the final proving ground for the clone and for all cultural 
practices. Carefully controlled laboratory experiments, biochemical 
investigations, and field observations may suggest improvements in 
horticultural practice, but it is well to test them experimentally in the 
field before recommending them. However, horticultural literature 
gives ample evidence that failure to take all sources of error into 
account, insufficient replication, and other similar mistakes may cause 
field plot trials to yield unreliable information. Much depends on the 
selection of an appropriate experimental design, which together with 
the corresponding statistical analysis will give an unbiased estimate 
of treatment differences and also a measure of the degree of reliability 
of the results. 

Field plot experiments with tung present more than average diffi- 
culty. One is dealing with large perennial plants of seedling origin and 
the error due to individual differences between trees is much greater 
than in clonal orchards. Again the heavy rainfall of the tung-growing 
areas makes contour planting essential and thus it is especially difficult 
to arrange plots in latin square or even in randomized block designs. 
Contour planting also introduces another serious source of error, vari- 
able distances between rows. Finally the soils of the southeastern 
Coastal Plain are rather variable, and the tung tree is exceedingly 
sensitive to changes in soil texture or drainage. On the other hand, 
the tung industry offers one material advantage, extensive orchards 
from which to choose experimental plots. 

Setting up a large number of e^^periments at the different labora- 
tories afforded a good opportunity to try a number of different 
designs. Simple randomized block experiments have been used for 
many purposes, including tests involving 15 to 25 clones and seedling 
progenies, which at first were set up with single-tree plots in 10 repli- 
cations. Such a design would be very efficient except that within a few 
years there are too many missing plots. Plots of four trees each are 
now used, with five replications ; and when, after a few years, some 
individual trees are lost, some plots consist of three trees or rarely of 
only two. According to strict mathematical procedure, a method of 
analysis should be used that compensates for these unequal frequen- 
cies. However, such methods are laborious and we seem to find that 
little loss of information results from the use of the conventional analy- 
sis of variance, using as plot readings the means of the two, three, or 
four trees, as the case may be. Everything considered, this plan is 
proving more satisfactory than the use of single-tree plots in which so 
many plots are often found missing that the only analysis possible is 
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one in which total variation is broken down into (a) varieties and (b) 
error, completely ignoring replications. In more extensive variety 
trials a lattice design has been used ; one experiment begun in 1944 
includes a total of 64 sorts, mostly clones but some seedlings. There 
are replications of the same experiment near Kiln, Mississippi, Sau- 
cier, Mississippi and Thomasville, Georgia. A similar design was used 
in 1940 for comparing 169 seedling progenies in the nursery in Pearl 
River County, Mississippi, and it afforded rather precise readings on 
size and variability of the trees (30). 

Split-plot designs have been found to be adapted to a wide variety 
of uses. For example, the method of pruning that is best for one clone 
may differ from that which is best for another. Hence, in some of the 
clonal trials a split-plot design has been used, each clonal plot being 
divided into subplots according to methods of pruning. In some ex- 
periments, particularly those involving culture with different types of 
implements, rather large plots are necessary. The efficiency, that is, 
information obtained per hour of the investigator’s time, may be im- 
proved by subdividing cultural plots, for example, into subplots of dif- 
ferent clones. Very precise data on performance of different clones 
have thus been obtained and at the same time evidence on specific 
interactions of the clone with different types of culture. 

Ordinarily the major advantage of the split-plot design is that it 
permits ascertaining the effect of some factors in the experiment more 
precisely than others. This is accomplished on the simple basic prin- 
ciples that treatments located close together in the field may be com- 
pared more accurately than those that are located some distance apart 
and that precision increases with the number of replications. In split- 
plot experiments, each main plot provides a complete replication of the 
subplot treatments Thus factors that require very fine distinctions are 
used for the subplots. For example, in an experiment with rootstocks 
for budded tung trees the main plots consist, respectively, of eight 
clones, and 20 subplots within each main plot are made up of trees 
worked on as many different rootstocks. A high degree of precision 
is attained for comparisons between rootstocks and the interaction of 
rootstock with clone, at the expense of precision in comparing differ- 
ent clones, which in this case is not the prime objective. To make it 
representative, the experiment is set up with two replications at each 
of three locations, Folsom, Louisiana, near Kiln, Mississippi, and 
near Lloyd, Florida. 

Some results of great commercial significance to tung orchardists 
have been obtained in field plot experiments with fertilizers. In the 
beginning it was thought that symmetrical incomplete block designs 
(19, 55) would be advantageous for fertilizer experiments because 
good error control for the highly variable soils was to be expected. 
Possibly because of failure to select the most advantageous treatments, 
results were disappointing, as were also results from some simple ran- 
domized block experiments set up with five treatments, as many as 
eight trees per plot, and five replications. On the other hand rather 
extensive factorial experiments were found to provide exceptionally 
reliable results. 
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The first factorial experiment was set up at Pine Grove, Louisiana, 
in an orchard where variations in the internal drainage of the soil 
presented very serious difficulties. Nevertheless, it was soon evident 
that responses of the trees to fertilizer were being determined with an 
almost unbelievable degree of precision. In this experiment three 
levels of nitrogen, three of phosphorus, and three of potassium were 
used, the various combinations making a total of 27 treatments, each 
of which was used on plots comprising 12 trees in four basic replica- 
tions. It appeared in 1940 that the oil content of the kernels from trees 
receiving the low, intermediate, and high applications of nitrogen 
was, respectively, 60 6, 59.3, and 59.0 per cent. Three relatively small 
differences were supported by an observed F value of 7.86 where a 
value of 7.76 is required for statistical significance at the .001 level. 
Some very well qualified authorities were loathe to believe that these 
results were valid; nevertheless, in spite of varying seasonal factors 
that had a profound influence on oil content of the kernel, they were 
obtained consistently in the same experiment in succeeding years, and 
have been confirmed again and again in similar experiments in several 
of the tung-producing States. The high degree of precision attained 
is undoubtedly due to what the statisticians term “internal replica- 
tion*’. In the experiment at Pine Grove there were 108 plots, one-third 
of which received the low level of nitrogen, one-third the intermediate 
level, and one-third the high level. Since in this experiment statistical 
analysis of oil content showed no interaction of the effect of nitrogen 
with level of phosphorus or with level of potassium, there were in 
effect 36 replications of each level of nitrogen. The average oil content 
for each level of nitrogen was thus determined from 36 samples, one 
from each plot, representing a total of more than 400 trees. The large 
number of plots and of trees had leveled out errors due to soil vari- 
ation and characteristics of individual seedling trees. The effect of 
nitrogen was determined with the same degree of precision as if the 
experiment had been devoted to nitrogen alone. Yet through the fac- 
torial design, the effects of phosphorus and potassium were deter- 
mined simultaneously and with the same degree of precision. In a 
sense, three experiments were had at the price of one. 

It would be misleading to leave the impression that all responses of 
the trees were determined with the same high degree of precision as 
the oil content. Many research workers fail to realize that in every 
experiment some responses are determined with more precision than 
others. Oil content of the kernel of individual tung trees is relatively 
constant in comparison, for instance, with pounds of air-dry fruit 
produced per tree. Accordingly effects of fertilizer treatment on yield 
are determined with less precision than effects on oil content of kernel. 
However, the efficiency of the factorial experiment as compared with 
other designs is the same in the two cases. The large number of plots 
and of individual trees tends to level out errors in yield, oil content, or 
any other response. The principle also applies to small-scale experi- 
ments. Increased precision and greater output of information per hour 
of the investigator’s time has been had through factorial design of 
experiments involving only 24 trees. As is indicated by Yates (54), 
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an experiment of the type at Pine Grove is useful principally for 
determining basic principles in the response of plants to treatment* 
As was indicated earlier, when basic principles have been fairly well 
worked out, it is advantageous to set up less extensive experiments, 
perhaps with only one replication at each of a considerable number of 
locations, representative of the area to which conclusions are ex- 
pected to be extended. 

Experiments of the type described for Pine Grove were soon set up 
in more favorable locations and have afforded results of the most 
profound significance to the tung industry. Thus Sitton and Loustalot 
(S3) were able to show that at Bush, Louisiana, nitrogen equivalent 
to 3 pounds of ammonium nitrate applied to 5-year-old trees in 1943 
improved yield of oil in 1944 by 45 per cent. Furthermore they are 
able to determine with assurance just how the yield was raised. Since 
in tung all the blossoms are produced terminally on the shoots, yield 
is conditioned by the number of terminal buds. Nitrogen improved the 
vegetative growth of the trees and increased the number of new ter- 
minal shoots by approximately 10 per cent. The nitrogen increased 
the number of pistillate flowers to an even more marked extent, the 
average number of flowers initiated in each terminal bud being 1.64 
at the low level of nitrogen and 2.19 at the high level, an increase of 
33.3 per cent. It was indicated previously that kernels of fruit borne 
on trees at a high plane of nitrogen nutrition have a slightly lower 
percentage of oil than the kernels of fruit from trees with a low 
nitrogen supply; but Sitton and Loustalot (53) were able to demon- 
strate that the relative weight of the kernel in the whole fruit was in- 
creased by an amount that more than offset the loss in percentage of 
oil, and oil in the whole fruit was increased from 20.7 to 21.7 per cent. 
The resultant of these various factors was a yield of 7.64 pounds of 
oil per fertilized tree, as opposed to 5.24 pounds per tree where no 
nitrogen was used. 

Experiments at various other locations soon demonstrated that the 
principles established by the nitrogen fertilizer experiment at Bush 
may be extended to most of the tung growing areas, although in sandy 
soils of the peninsula of Florida some other factors, as yet undeter- 
mined, seem to limit the response of tung trees to nitrogen. Wartime 
fertilizer formulas were such that tung growers were spending the 
major share of their fertilizer dollar for relatively unimportant ele- 
ments. The information from these experiments was seized upon; it 
was found that ammonium nitrate could be procured and today sev- 
eral thousands of tons of this nitrogen carrier are applied annually 
to orchards throughout most of the tung-growing areas, from north- 
west Florida to Texas. In one instance this change in fertilizer prac- 
tice increased the 1946 gross income of one single large-scale grower 
by at least $100,000. 

Another factorial experiment at Monticell o, Florida, conducted 
jointly by our Cairo, Georgia, and Gainesville, Florida laboratories, is 
now beginning to yield reliable results under difficulties that might 
seem unsurmountable. To follow up results obtained in controlled 
sand culture experiments, it was desired to set up an experiment in 
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which widely different ratios of nitrogen, phosphorus, potassium, cal- 
cium, and magnesium, would be induced in tung trees in the orchard. 
Each of the five elements was applied at two levels based on the com- 
position of the leaves as determined by previous analysis, and the 
resulting combinations constituted 32 separate treatments, each to be 
applied to plots of six trees in three basic replications. It was necessary 
to use an orchard that had not previously been heavily fertilized, and 
in the one most suitable the trees and the soil were so variable that it 
was virtually impossible to set up the 32 plots of any one replication 
under even reasonably uniform conditions. A technique was adopted 
in which each replication was divided into four blocks of eight plots 
each. The object was to have all plots within each block on reasonably 
uniform soil, but the soil of the different blocks was not necessarily 
similar. It was feasible to set upThe experiment on that basis. 

Subdividing a replication into different blocks is confusing to some 
biologists, because the treatment combinations in one block are not 
identical with those in another. Actually, if properly set up, all blocks 
receive the same basic treatments ; the difference is in the way they 
are combined. The plan is such that in making comparisons of the 
treatments and their most important interactions, differences between 
blocks cancel out. The experimental errors are reduced because they 
depend only on variation within blocks. To get this increased pre- 
cision certain unimportant information had to be sacrificed. In the 
Monticello experiment the effects of two three-factor interactions and 
one four-factor interaction were ‘‘confounded’', as the statisticians 
say, with block effects and could not be evaluated. The word “con- 
founded” tends to connote something unpleasant, and to a horticul- 
tural audience the word “pooled” is more informative. The effect of 
the interactions listed was “pooled” with that of soil and other differ- 
ences between blocks, just as the fruit of different growers is pooled in 
a cooperative packing plant, and hence can never again be separated. 

Since the experiment at Monticello was considered very important, 
the composition of the leaves from every plot was determined in Au- 
gust 1944, prior to beginning the differential treatments. To illustrate 
the data, the percentages of potassium in the dry weight of leaves for 
the 12 blocks are given in Table I. They show the trees to be variable 


TABLE I — Percentage of Potassium in Tung Leaves (Dry Basis) 
Prior to Treatment (Factorial Experiment, Monticello, Florida, 
August 1944) 


Block 

Replication 

I 

II 

III 


0.49 

0.70 

0.41 

Ij’ * * [ _ ^ ] 

0.84 


0.53 


0.55 

0.74 

0,52 


0.60 

' 0.52 1 



in potassium content, but all in or near the deficiency range. The 
average yields of air-dry fruit per tree for the season of 1944 were also 
determined and are given in Table II. Data on composition and yield 



454 AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


TABLE II— Average Yielr Air-Dry Tung Fruit, In Pounds per Tree 
Prior to Treatment (Factorial Experiment, Monticello, Florida, 
1944) 



I 

II 

in 


31.3 

36.4 

19.6 y 

b 

33.5 

36.3 

18.7 


25.0 

80.8 

28.5 

d 

22.9 

85.0 

11.7 


Replication 


were obtained for each one of the 96 plots, and without going into 
detail it may be said that our staff members had made such an excel- 
lent job of setting up the plots that variations between plots within 
each block were usually not serious!^ The fertilizers applied in the 
spring of 1945 had little or no^bearing on the yields of that season, 
which were already limited by the number of pistillate flower buds 
initiated in 1944, before differential treatments were used; but they 
could affect composition of the crop. When the chemical analyses had 
been made and the statistical computations performed, it was found 
that the 0.89 pound of nitrogen per tree had decreased oil in the ker- 
nel by 2.48 percentage units and that 1.82 pounds of KgO per tree 
had increased the oil content by 1.66 percentage units, results that 
check perfectly with others secured elsewhere under less difficult con- 
ditions. 

Fertilizers applied in 1945 are reflected in the yields of 1946, a crop 
that has not yet been harvested at this writing. However, seed stems 
on tung trees persist for several seasons and hence it is a simple 
matter to count 1946 fruits versus 1945 seed stems on representative 
branches and estimate the ratio of yield in 1946 to yield in 1945. An 
analysis of such data showed that both nitrogen and potassium had 
increased yields, but that the effect of the nitrogen was the more 
important; and also that there was a highly significant first order 
interaction between nitrogen and potassium. This means that the 
effect of potassium was different at the low level of nitrogen from its 
effect at the high level of nitrogen ; hence it is appropriate to break 
the experiment down into four groups of plots (Table III) : (a) 


TABLE III — Effect of Nitrogen and Potassium on Ratio of 1946 to 
1945* Yields (Factorial Experiment, Monticello, Florida) 


Fertilizer Applied Per Tree (Pounds) 

Ratio 1946/1045 Crop 

Ammonium^ Nitrate 

Muriate of Potash 1 

0.28 

0.36 

2.30 

0.2$ 

4.00 

2.49 

3.12 

0.3G 

3.15 

3.12 

4.00 

4.17 


Least signifioaxit difference at 0.05, 0.50; at 0.01, 0.79; at 0.001, 1.05 

*Crop of 1945 reflects the uniform fertilization of 1944 rather than the differential treatments 
of the spring of 1946, since the pistillate flower buds had been formed in the summer of 1944. 


“Where unavoidable differences occur, the statistical method of covariance 
can usually be used to refine the analysis. 
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those that received the low level of both nitrogen and potassium, for 
which the ratio of yield in 1946 to yield in 1945 was found to be 2.30 ; 
(b) those that received the high level of potash but the low level of 
nitrogen, for which the ratio is 2.49; -(c) those that received tlie high 
level of nitrogen but low level of potassium, for which the ratio is 
3.15; and (d) those that received the high level of both nitrogen and 
potassium, for which the ratio is 4.17. This brings out the whole 
picture ; namely, that nitrogen has increased yields of all trees but that 
potassium effected a substantial increase in yield only on trees that 
received the high level of nitrogen. In spite of all difficulties the ex- 
periment had produced clear-cut reliable results. 

The immediate response to potassium at Monticello was to be anti- 
cipated from the leaf analyses, but even in soils that have considerable 
available potassium, for example at Bush, Louisiana, heavy crop pro- 
duction induced by a high level of nitrogen nutrition soon tends to 
create a potassium deficiency in tung. Without going into the evidence, 
it may be stated that while fertilization with nitrogen temporarily 
increases yields of tung, the long-term fertilizer program must include 
potassium and phosphorus, preferably applied to cover crops at seed- 
ing time. 

And so, in the words of Marshall Ballard, Jr., Secretary of the 
American Tung Oil Association, “Tung Marches On’\ The domestic 
tung oil industry was a godsend to America when at the outbreak of 
war stocks of this highly essential war material were at low ebb and 
the Chinese supply was completely cut off. A ceiling price was set 
that would encourage domestic production, and at the instigation of 
the War Production Board special programs were administered 
through the Agricultural Adjustment Administration to assist owners 
of orchards to produce and turn under cover crops. Under these 
circumstances the industry has thrived and owners of bearing or- 
chards have received satisfactory returns. It is probable that the indus- 
try would have “marched on“ even without the research of the last 
eight years. However, there is no doubt that this research has already 
increased production substantially, and it will be of still greater value 
when the industry again meets world-wide competition. The good 
yields to be anticipated from planting improved varieties on suitable 
soil and through proper fertilization and culture, together with econo- 
mies resulting from improved equipment now being developed by the 
Division of Agricultural Engineering (39) enable the tung grower to 
face the future with optimism. 
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